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1. Introducion

This is the final technical report for Contract DAAG29-77-C-033. The purpose
of the contract was to support a companion contract DAAG29-77-C-034 in an
evaluation of alternative military architectures. In order to evaluate the computer
architectures, an ISP description must be constructed for each architecture. This
description drives a simulator that is used to debug and measure the test programs
written for the evaluation. Under this contract, the ISP descriptions for four military
computers, the AN/UYK-7, the AN/GYi(-l?, the AN/UYK-19 and the AN/UYK-20, were
,,,instructed. This report consists of the four ISP descriptions. The report of the
results of the companion evaluation entitled "Phase II Comparative Evaluation of MCF
Computer Architectures" is appended to this report.
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I O{'(PANT) A00P155 C[t1tLILhIDN

cOPT (X IMLKG *) INn'I-ILT IN PPOPIF SS"
\0 mrIIN I NO, JUST A mtrAAFrP N4X)PtS

(DfIUIE Iir'tI(. ANT) IPI.O hlQ I) IN! ) V1 =.rC )

SO S I

I NEXT
00 . B NEXT
CTlie I INDEX REGISTER RETURNS IN 'TO'
GEiS NEXT I BASE REGISTER RtTLEPNS IN "TS"
192 * Y * TiR) NEX1
Til * (11141%,B) + IBII9flCISiB> NEXT

*• (19 * f TSI<I7tS)

\1 BGIN I YES. INDIRECT-
(T I Ef . * " I C' FIELO DOF ICI

BEGIN
DECOE CI = I "CI FIELD OF ItS
\0f BEGIN

SO* -P NEXT
GETS NEXT I BASE REGISTER RETURNS IN TIS*
192 - ST I
AR -sv * 1S)(16.9)

\41 BEGIN
B0 - B NEXT
GETS NEXT I INDEX REGISTER RETIMNS IN "T
50 S TOS NEXT
E.TS NEXT I BASE REGISTER I'IETNS IN tI$'

91 - SY* TODB NEXT
191 - 4191(ist5) + TBi(I(2)22StS> NEXT
MnAP - ITBI 4 TSI(I?.9)
ENO

END

(IT C BEG S
BEGIN
"B * a.
IDECODE (PLM AN' D fPIB • E G1 • INe R[PLAV 4

So * SI

NEXT
GEMTS I INDEX REGISTER RETirNS IN "Ti"
GETS NEXT I BASE REGISTER RETRNS IN *TV
Tillt1 - Y TlOD NEXT
Tel . ITBICISiS) 4 TBI(I5)V(IS.S) NEXT
ItA * (Till 4 T52I7.6,))

END

Etc. !END OF C OPD
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ICJF'3PAN!) AND tI.W,'oCIIP AOO)PtSS Pat? 21*6

Wq'fll (if GIN
(DI[[Y I D)I

No rn'.,o I WIT? INnIPICI
NI [t1;1 iN 1 INOI PfC I

WAAD WOX I ADOI&*SS IF JEW
MPG NEXT
V - MOW RNET I KU10 To v EGISTER

LASIW * MOW~j I SAVE ACR1SS FOR JEW UPDATE
1.131ST * JIS NEXT

END

CNARAC, 'BEGIN
IT tCI) AIND (NOT WPTLAGI

BEGIN
IDECOOC IN GYP P1)5 *
\e ADS - IPOS MINU WI(ii~Se
Ul BEGIN

W.,D 13? MINUS W)(416>r
VT IVY # 22(12,3)

Mf" I ICAP I
MOWIPI *MOOR NEXT
EIDAR * IST$Ch
MOOR - V NEXT
MWO NE XT
HOAR . MECVRII
PM - UR R
END

EtDh tIM OFP K
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Ptlrk~fl, OinIfN
rIrI NOT PPFL(G * IFLrE 0) NFIT

ImUCOD CCI> .

*0 0W I

Mpg NEXT

MTOO MOO ANDP TIM8 NEXTC

CHWICD
END

END

EN~i '(PC Dr P(SVY

IWPIT( CPCP11mb

MASK - 0 NKxT
MiASO. - MASK 'SLI W NEXT
MASV - MAW. tSLo poS NEXT*
MUIWPI * 11001 fSLO POS NEXT
MOOR (10191I AND MASK)I P) JPXW AND IMP? MASKI) NXT
FF41 NEXT
LMAPAO

411WPI r PI-LQIN
FlP MOP PPTrLAC -> IFLAG - 6) Ntxt
MOPIPI - hMCA,?. NEXT I VIAS

MOAP - P10110 NEXT I VIA8

io ~coot IrL o .)

BECGIN
*mp -01 NWXT

MWO NEXT

I1) END IT W1ITOW
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Pt itin - III I
PIH iKW N[ X I
tnt. 3101-KIP

M0X#* -(Itfl) - I l< 17 1) M X I
1100 NEXT?
I01<63 32> . 11M1
(N~t (ENO REACO

I PEAD IDPIMT I (A'EPI.W (O)PERAND ENDS UP IN lArI

tir V REG 0 *) REA"oI NEXT
IOECIDE K 0>
IMitbi- IIEGIN

Be - B NEXT
6113 WIT? t INDEX ROISI(N ROULMIS IN T38
T~i SV * 190 NEXT
IIA2 - (T7lMl%> * TBI(u6IlStIS> MIX?
(iF IAZ(S) -) IrtZ<31ISI) - 11177777)
ENDi

RHLFsi -BEGIN
IA! * MOBRI~tl5X NEXT
(IF A(l). TAZ(31I0)> * 177777)

PlrHl s-BEGIN
IA? - M081P30106) NEX?
(IP IAZCIS) 0 TAZ<3Id6) - 0177777
(IC'

RULEL .702 * ~j
RXYTEX,.TAZ . rDflP709)t

RIIYTEI#eTA2 - 7ClP (1S:18> I
XBTYTEZ.'IA2 * MTItfX(3.I>1
PIIYTE3.XIAZ - MCUR<31:24)

ENDi (IEN RDFII
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wpi iI UI¶I DPma I MWON¶ (ClyP.'ND I NUPS IN 1AUI

1 i1 f NIG '

WiPL401,.MMEP(3I.I6> - IA2(IS.S,,
W4JIU .I108lP43.G -lA 21SSi

WOYIC~i.MOIJP(?,S> * AZ(7iO>s
WHYItI,.MDP'ESjuIU TAZ(7tO)i
WME1V[ZiPQCJ<3,16 IS> * 0>
WflyTt3'-nOJP<31i24) *tAZ<?,8>) ((IT
I-o

INC,

RPPC~iI.ILUIN 'PLPACE rapiAti I
OPACI N~xI
roECOat IFLAC *

Ul rINE
(DECOO C(S *

* WTIVE
(MtLAPI * IAze

WICHAPI I

MiN (NC STrMTI

WlrM~t1TI.erIN WAIPtt[ fCAMAT I
lWr NOT APFLAG *) liLAC * ) NE XT

ENDa

PLJTOAki*OEUIN
(IF RKtLAG.

(IT IiAG AND (C EUW SI) 0lILAG S~i
PEPLAC*

- , - . eaN- ---
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('ITC PIP LF AT TIPMIN11TION

fiI C IT' J I IP p T I1r I PM pm NfIh ITY

fi p'I fil r. FF IN
11.1 . .' NI X1 ffMINT IF IN 11 V1 l FL/

6I III NxT I NIA' NELINTL PLELWNS IN I
THI T * 3(1 - I NEXT I 00[LICL LIN COUNT (L#ESJGN(DL
TITYo TLCn)ITI<PLI.O NEXT
PUTS NEXT I STO~t 119) TN INENXt GIESTER 8090)
FIt (THE)E (Q01. CL P (100 E) L CFrFFT .) RK'FLM- Ohs

I T(PTIINRTE If * (I
IO - IT NEXT T NCP[TLINT OKPEPEO
CATO NEXT I 0009165 INDEX REGISTER
7611 1BTD 4 PT'TSY NXT I Pi1 P0PAE 54 OF

I T~t F*I/UTX-7 1flfrtf
IUD0 (lICIE> * 119iISO)LI~aO) NEXT
PUlT" NEXT
ITXLDOE EOWV.R
\.0 BEGIN I INSTRPUIXTTT WAS NOT A COMPAE

DECCOE OMIT) ! TERIXTNATE DEPIENDS ON *A* FIELD
\.0 LIF Nolt QCEL) 0) PPrLAG - 911 N CO 0
\12 TIFP CC(?) *) RPF.G - Oh T COt S
\.2 LEE MCC(I) *) MINLnG - 0)1 1 EEC 0
'3 (Ir "OE RECCI> *0 RPI00 -l e)I LBS S
NA4 NO.W'i
'.5 [IF WTFLAU 0*> Ir WRITE TO MEMTORY

ITAO - MOOeR NEXT I AND hFEV(EN PARITY.
PARITY NEXT !THEN TERMINATE REPEAT
IFI NOT TO *> RPFInG * 0)E)h

\.6 TIF WTrnG 0*> IiF WRITE TO MtEMOY
ITAO - MITER NEXT I AND IF' CXX PARITY.
PARITY NEXT IlATHE TERMETNATE REPEAT

(IF To ROVLnG * CE1LL
\.7 MOP
ENDP

\.2 BEGIN I COMPARE INSTRUCT ION BEITNG PEP(ATE.
OECODE ROTA -) I TERMTINATE Vi
\.0 (IF NOT CC(2> Pa) A -T'IL 01 OI NI MU0
'.1 ElF CCC2) 4ROVLnG - OIL I Eot
\.2 (if CC(2.I> ECL I R0PFrLnG CIOL I GTR
\.3 (IT CCam ROFLAG -OTh I E
\.4 ElF NOT CCCI t RPFI.AG - Oh I LBS
\.5 (Zr CCC2,> NEC 1 .0 OMFIAG - OIL LEQ
\.6 (IF CC(S) -) OMPILG O@I I OUJTSIDE LZIMITS
\.7 (IT NUT CC<~m .0 P~RIEM - 0I 1 WITHIN LIMITIZS
ENO

INEXT
(IZV NRXT 09(100 -) ILDOT -*0

(IF (C (0.. 3) AND 1(10G0 4CIWRACIE
ENCI TENC CERPI
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IN~t.b fl! Gw Ir N

lIp rrcc -K.
"P1'LtAG -P '4XT7

(rIFr E OL 3 -)CI(W(CI:

PO ( PO MI?#A ZIIi> NEXTI'

LNPIi

IN?.- BEGIN tCLASS I
(IF IINTLPIC(I) 40C INV CIASLOCI)I .0

ItS2-. BEGIN
INIrc? NEXT
CMP101417 * PP(IMl) NEXT
CMI¶5114;i1 * St'
rMP1P11431 Itsa
04510(19) - It

n7*R(*4.9) . MN77

SP6CC> - It
AP<96.0) . e NEXT

tQECcOlE POWLP *>
\0(P - NopDleI(I1iS0i

NJ IC - CIUIISC0))

INIVECI> - S PWI?
BAILOUT IN?
END

(If IINT'ffE<2) 00 ICC! ELASLCCZ>I 0> 1 CLASS 11
ICS2a. uE1GIN

IPITSE? NEXT
CMPINI.451 - ASR(i0>M NEXT

tCIpeI1471 - Pi
ASPCIS) - Is

AS5(Cig') - .3?i
APMC? - Is

A 5R(60) . * CEXT
tIOCCOO (PUIDRPEC AND (ISC CO. 402))4
\6 P - CIWIS44I(lS.0>i

\I (NWCCI - Il
IDECCICCE BOOTSTRPW 0

p NmQUII(I9fP)a
P *NDRiOIZISl)i
p * CwiItkI!sl)i
NO-OP)

HI
INYCCQ) - 0 NEXT
BAILOUT TNT
END

I CXI
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INTMtT NEXT
LIWIsISII * ASP(IMi) NEXT

*P N 5 Is.

ASP(12.S> *

ASPBOS) - 0 NEXT
p * CTWIw"Ise)<19.44

CAlLOWT INT

ICLASS IV

(IF INTUECCI *

1NTSETi NEXT
CHAPPISSI - ASPCIgiS) NEXT
CPPIwIISBI * Iscl

ASP0lB) - Ii

ASR(liI.9 * 671

ASPc56>.S 9 NEXT
PN * MIIPIIS410i(.Sl
INTECC4) * S NEX?
BAILOUT IN?
END

LW'j LWN IPIT



ufn 7.1p n ilIa u 0 2E4-Fob-7S 11-06 WOIsattJ-lBo PD. Z4-1

CONITION (ml TISTINC, PrxjTlms

1ill YI PrIltIN! S TfI COMO41 110N UroS NITIKJT7 IN5TIPICITIN IxrrilW i.
Till lol 1 0JIN(. PlAPTIN! S4 T III) 21 I'D AM) UPIJT(P I".* DP IC4X&

(LEGi. BEGIN

PtCi<2I> - NOT TAG(3) NEXT
[If 11AO raL 0 OR (TA0 (9). ON32) 0 REC<21l> -*11
ticJ

I ~ l TH OLLOWING POUT1NL SETS THE eIMOPlC ANDGRATER TA OP EQUAL
I ZEPO REPLAY (0*4017104 CODE BITS iKtC(2iI)l FOR OGRBE WORD CIPERATIIS.

C(ROD * BEGIN

PEC(Z') * PNaT 106163) NEXT
IIlf (108LO 10. OP (100 EOL (NOT 9(63MS))I.

KC(1, DI - 03)
tNic

I IC FOLL12WINGO UTINE SET5 D1 IE OVERFLOW COEDIII04 CODE
I IlT IN ADDITION 10 TIC REPO AND GREATER TIWE OP EQUAL TO 2(80
IBITS IPC(<2I. SIGN BIT CORRECTED DEWING OVERFLOW.

ISiNGLE bEDO OPEPATIWISi

ECOZO'- BEGIN

(IF2 *AM Si V 8((2 *S C
IKE hI-~l O ITAI0l))NC IC31)NX

TAC(hI> - 1NL(31> MOP (((3)
I NEIT
RC5(1> - NOT TAMP31 NEXT
(If ITA(1lS> CCL 0) OR (1ACdhuS> CCL WNEll) -3

855(7.1) - 031

I 09- D 1(080 WOR PtPAIIWESt

((0100' 'BEGIN
((<3 - 01 85(17> - 0 NEXT
tIII 106<91 1051 I01<) 0

C(3(> - MOM(5> WO9 1065(53)) NEXT
*Dt<3 T DAC(51) XOR CCMI

I NEXT
8(5<3 - NOT 10AC<53) NEXT?
III, (TOEC(62,S) CCI. SI OR TT(15(BuS) EU. (PCI? SaleS>) 0

ENPo
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IFOPf~nT I IN¶-¶PUCT!D44 EYICUT ION
I NflTE, (.IIWIfrtIC 15 AZ BIT TN!'S torPLF¶PNT WITH MOST

1 51 irAIf I~ifNT "IT DIE( SIGN

IA-. 1 000 A
III fGIN
PIYITTI NEXT I OPERAND REILMRNS IN *IAP'
TABl IA~i
A0) A NEXT
PUITAS NEXT I STOPE (TAP) IN FCCLRIAATCW (AS)

END iEND LA

1)91. I LOAD A AND INDEX B
FKGGIN
LA NEWT I USE 'LA' INSTRCITIDi
SO0 - 9 NEXT
GETB NEXT I INDEX REGISTER RETURSI IN 1791
TN1 . TOD * I NEXT
TOO *-11158 TSI(IXSlIS:S) NEXT
PuTeS I CIOR! (18I IN INDEX REGISTER WN

END' [END LXS

tot.Di LOAD DIFFERENCE
WGrIN
*!DEMTI NEXT I OPERAND RETLMNS IN *IAZ
BETA NEXT I (AC(A)) RETLRX IN 'lAG'
TABl * NOT TAB NEXT
7AC - TA?.* TAB NEXT
TAC TAC<XI 61) 4 TAM(3) NEXT
TAI TAQ NEXT
CEDO? NEXT
TAI . TACIMhO NEXT
RITA) I STORE (TA)) IN KA(MMI
END' IEND LIrl

ANA.. I SUNTRACT A
NE GIN
prOTIIT NEXT I OPEPAND RETLPMN IN *TAt'
BETA NEXT I IAC()l RETUWIS IN 'T'0
TA? NOT TA2 NEXT
TA) . TA20
TAC - TAS 4 TA2 NEXT
TAC * TAC<31i*) 4 TAC<NU) NEXT
CCCXI NEXT
MeS - TACISI 6 NEXT
PUTAC STORE ITAOI IN ACCUMUL.ATOR (ASS
END' ciD ANA
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I ?CWMAT I INST~tTTJCN4 Fr!CUTION IPAGE 21

Wi - FID A
III N

pot till NEXT I(M'LPPND RI.TLA'S IN 'IQ'
MLIA NEXT I IXCCA)I RETURNS IN 1SAB

TM TAZI
T'C *TAo 4 TAZ NEXT
TAC TACCE1tS> I AC(SZ) NEXT
CCEDG NEXT
TAP * IAC(31iS) NEXT
PUTAe STORE ITAe) IN KEWIMLAIW! 06S)
Elci IEPC AA

LSIJI.. I LDOW SUMI
BEG IN
PDFM11 NEXT I OPERAND PEIWPNS IN '1A2
.ETA NEXT IPEXA)) RETURNS IN 'TAOS
TAC * TAO + TA? NEXT
IAC - IAteCt i@> 4 lAtCh3> WIXT
TAI * TV? NEXT
CCO?G NEXT
TAI * TAC0hhtO) WIXT
PtJTAt I STOP! flAtl IN A!(AS.I)
(P~i tICN LSUI

LNAr. I LOAD NEGATIVE
BEGIN
ROFlITI NEXT I OPERAND RETURNS IN 'TAV'
AO - At
TAO - NOT TAV NEXT
MUAO NEXT I STORE ITASI IN A!CLRELATlU 0A0)
CCG
Elc IINO LNM

LMt' LOAD MACNITWOE
BEGIN
PDrMTI NEXT I DPERANC REULRNS IN 'TAZ
Al - At
TAO - TAV NEXT
(II TAOCTI) -) TAB - NC? TAGT NEXT
PUTAG NEXT I STOP! (TMO) IN ACCUtLATOP (AS)
CC?C
(P~i TEND IM

LB'S I LOADO 8
VIEDIN
POrMlT NEXT I (PIRANC RETLURNS IN 'TAV'
oil * A NEXT
"Eto NEXT I INDEX REGISTER REIIRNS IN T79
(IF A NCOJ S 0 TOD - TA?(1igsS)WINET
PUTS I -STORE (TOI IN INDX REGISTER (US)
Eli#t l END LU
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SFOPMISA I IN5TPLIETIPN rwrrUiIOi (PAGE 3)

An'. 'ADD 8
FITr. IN
PYx1lIT N14IT I 04'iP"-NO FI'ILPNS IN TIAZ"
BA * A NEXT
GLIB NEXT I INOLX lEGISEIR RETIR'NS IN TI1'

* (IF A NEOD -)
IAC TOO 4 12 NEXT T1O0 ZERO EXTEMIEt
T00 • 1TACC31lg) * I 32)l<IgsO)

I NEXT
Pula I STIPE (TG) IN INOEX REGISTER (IS)
CM)i IEND AG

P140,. I SUBTRACT 0
BE GIN

D'MPI NEXT I OW'RIAA REMAINS IN °T042=
B0 * A NEXT
GETO NEXT I INDEX REGISTER REiURN IN "T83
(IF A 14( 0 -)

TAi - TOM 4 (NOT TAI) NEXT
1TO * (TAC(BtiS) * 3 IC 2)IISiS)

I NEXT
PUTI I STORE (?T) IN INDEX REGISTER (00)

Siol I STTOE S
BEGIN
0O , A NEXT
GEIT NEXT I INDEX REGISTER RETILNS IN T
TAZ - TIlt) NEXT

ITEMTI

(aDi IELW 58

SM. I STORE A
BEGIN
GEETA NEXT I W(M()) 1r11ION$ IN *TA
TArZ' TAO NEXT
W1l4l i NEXT I REPLACE OPERAND FROM *TAV

EN~s tENO SAq
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*V, S IO09 A AND AI! 6D
[if GIN
Y) M XT I- r, LIT '1E A INSTPtJETION
Fin11 Nt XT
GtTs NEXT I INDEX REGISTER RE1LPNS IN T11
191 160 41 X

TOD f TBI~lSiS>4TII)V5I NEXT
PUTS I STORE (19) IN INDEX REGISTER (66)
EN01 !tC ýXll

SNAi* STOPE NEGATIVE
BEGIN
GETA NIX? f (AC(A)3 RETIPS IN 'TAO'
TAO (NOT TAO) NEXT
TAt I AO NEXT
LITENTI NEXT I REPLACE OPERAND rpm1 TAV.
CCEZ
(P~s FEND SNA

SMi. F STORE IIO0NITLDE
BEGI N
GETO NEXT I AC(A)) PETLPN IN 'TAB*
(If TROd!3) 03 TAO *(NOT TMO)) NEXT
TA? * TAA NEXT
WTUITI NEXT I REPLACE OPERAND FROM1 *lAZ
CCZG
EN~i VCD SF1

02- CLEAR BIT
BE01IN
RE ADOP,
MAVk - I NEXT
MASK * MASK '51.8 AK NEXT
MASK * NOT MASK NEXT
MOOR * MOOR AND MASK NEXT
P140 NEXT
TAO *MOUR NEXT
ECC?
ENCI tEND 0?
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135, IT st'l I
EJIGIN

0145k I Nrw!
f1oi5K MAVr 15LO (4. NIX! IN A1C1UW4 Tf*IN W4HN mv)h37 7
MOOR *MOSPOR MASK NEXT

OW CC C

PAt. I PiEtLMCi D

DFOMl! NEXT I W'EPANG R(TUPNR6 IN 102'"
CURA NEXT I iAC(A)1 RETLrnS IN *TAS

7AC - 102 4 100 W XT
7OC - TAC<31,0) * !iC (M2) NEXT
r.CO?O NEXT
102 - 10031,0) ICE!
101 * 12 NEXT
OUTBACk NEXT
P0111Th I REPLACE OPERAND FROM *Tor
FUTA) I STOPE 4(IA) IN fC(M4I1)
EN~s , IEND PA

P11. I REPLACE INCREMENT
PIErIN
F~rm!! NEXl I OPERAND P1113MG IN ITAZI
100 - Ii
10! - 10At
100 - 102 # I ICE!T
100 1A00<31:0) s 100<32) NEXT
Cr020 NEX!
IIA? ' At- ~ )
100 - !OC(S1iO>a

AU@B-CA NEXT

RP0myli REPLACE OP'ERAND FROMl IAZ'
RUIAS I STOEt (100)1 IN (CCUMIfLA.A! (011)
(ND. iltD RI
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I FOPTIAT I INSTAUCT ION EXEICUT ION [PAGE El

PAN.- - (PflAct soMT-'PCT
Fit GIN
P04MflI WX1I tfllPno4 Pf T 11*5 INI 142

G1 7A NI WT I ((C(All PTLYNS IN A

TAO NUT TA01
TAI - A?,
TilE TA? - TAO NEXT

*A 1Tf<31 6) * TAC<3Z) NEXT
CCOIG NEXT
TA? - TIAC(3lI.) NEXT
TAI - TAZ NEXT
PuTBrCII NEXT
PPT mrl. I PrPLAC( W'EP"MC *Ym AZ*
PUTAS I STUE Ift!) IN (ACE I4)

EM)' TEND RAN

Pol. I 4PELACE DEEPLEIVN
DECIN
POrnTS NEXT I OPEPARD XEWOI NS '102Tf
TAVO *NO TId<l 1311

TAI Y A?.
Tilt TA? 4 TAMl NEXT
Tilt * ACCILtG> I ACCI?> NEXT
CCOZG NEXT
TA2 & TAC3i'0)i
TAB * TilC<3I.6>I
A6 - A NEXT
OUTRACk NEXT
RPFrTIj I REPLACE OPERAND EPT *TA2'
PIJTAo I SEVEl ITROP IN FICIRX.LRTCW 011)
ENci [ENO RD
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I !f~pmtT I INSTPIJC(II)N ifLltUIIW (PAUSi

I.. I MLATI 1PLY p
III GIN
Pfmlf MI)NTT CX';PANT) PrIuwwS IN *A

OtTA NEXT I (AC(A)l PETLFN IN *?AS'
SIGN - 1(02(31> TCM IM31)I) NEXT
I If TA7'31 > *) AZ * (NOT T70111
IIF IIA4<31) *) B -R (NOT TA@Il NEXT1
IDA - 1A2 a TAO NEXT
IIF SIGN 0> TDO - (NOT TOOT) NEXT
Int lmTTT63.3Z)t
TAO * $0031.8> NEXT
PUTAIT I STORE (TA41l IN AC(AS4I)
PUIAS NEXT I STORE (VAST IN %CCWLLATOR 01AS)

(NOI I(C IM

D..- I DIVIDE A
BE GIN
PDrFllI NEXT I UPERMW IETUIMN IN "TAZ*
(IP (TA? (91 SI OR (TA2 £91 ONE221 0 1 I 9CM A ZERO DIVIDE

BEG IN
CE(B) * I NEXT

* nIlUio ICTCETC
ENO

I NEXT
GEI0 NEXT
SIGN *(101<31) )CM 1012<31))l
910941 (7A1(391) NEXT
(If I? 50) 0 TOO - (NOT 1061)1
(IF 7A0(31) -) TA? - (NUT TAZ)) NEXT
TIAO * (TOO / IAZICXI.S) NEXT
TAI * (TOO MINUSM (11A9 v TA?)(3lill) NEXT
(IF SIGN *) TA@ NOT TAO)i
TIf 110941 0 TAI NOT TAIT NEXT
PCJTAii I STORt (TAIT IN KAS.I#)
PUIT AoI I STORE1 (WA) IN ACCLRLATCM (AS)

00(3) I TDOO63.31) NED 0I
END I PEN 0
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IDECOO(. TSTP .)

\l M211.) - 31
\2 M15I * Ii
\.3 NaG'!I

HCUt ! COMIPARE LIMITS. REGISTER

C(ITWAR * I
AO - U NEXT 0(16 NECT?

TA" AO N~TT
GE TO NEXT
lIt TAP ES). ONE]? *>AO - DI.
(IF TA) 19L ONES? *>I 9) *s.
(IF IA? EO ONE)2 *> TW 9111

CV0> - P NEXT
(tIE (10? GEC TAjl OR (TAO CTR TA2) 0* O * 1)
ENDi IEND MC

HCMi. COMPAPE 005110. REGISTER
BEGIN
EGIPAP * I i
AO * B NEXT
OCT08 NEXT
TA* TAR NEWT

OtTO NEXT
TA) - TAt A"D TAO NEXT
( IF TA? E19L ONtET -) TA2 - )

lIF 103I E). ONE)? 0 TRt - 0))
C?il)> - S NEXT

TS7R * (TAI rer TAZ! NEXT?
(if 12(33I ) XRO TACI)( 0 YEW * (Z - TITRI(IiS>) NEXT
ITECOOC TSTF *>

\e0 NO, p
\.1 MC2?0 -
\.2 CCCI> . 11
\.3 WW.I0

[N. 1111D ECM
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I PoClin! IV IN~jls'ucInN tncrCI~II 4Prcr 11)

I IR,- IrflHrP[ PU WIlN BA
RI GIN
COMPAP -I I
00 - B NEX!
GLIB NEXT I INDEX REGISTER PEILEN IN 'TO
T10 * To NEXT
no - A NEXT
GE II NEXT I IMXCX REGISTER QC!LIPs IN TO,
fir TW]~SiO> rL *rrrr *> VAo, - on
(IF TBO'I~to:' EOL rrEf s0 TOO * S) NEXT
ISIP - (IAP<ISiS) 1ST TEOD(i5D)I NEXT
fir T10<15 XRC 7130<19) 1> I570 * IQ - ISTRI(I.@)) NEXT
(DE CODE 15WR -)

\l Ct<Zil) - 3
\2 CC<2I) - I
\3 CC<ZI) S I

(Plot 11NO Ice

HSlMt' ! STOPE IDC MONITOA CLOCK IN A
BEGIN "vNOT IPIPLEMtNTW"E

ENDS lEND ((SIM

HSAtr ! STORE PitA-Tilt CLOCK IN A
BEGIN "PCIO IMPWLEMENTED**
NO. OP
[ND, [ENO (SIC

HPI:. IPPEPJTNT CLASS IIII INtER#PS
BE GIN
CIPRIU NEXT
CLASLO(S) - I

AIlt' I ALLOW CLASS III INTCPRIPTS
BEGIN
CkPPIV NEXT
CLASLO(S) * S

HAL.1i- I STEIp PROCESSOR
BEGIN

ENDI PNt HALT

lWIJit I WAIT FOR INIEPPRIPI
BEGIN
HPOLAG I NEXT
IMFLP.. BEGIN

INT NEXT
I FHWF LNAG '> PuLP)
ENO

tNDt l1ENO w1*I



UYO 7. 15P I 972nCnnrw IgclJ- i RD 237.4-7 lIPS .cg;c -IWo 7.9. 72-I

TIJtPMAT IV INSTAUCIION DLC(MTI4W749

191iD 04 NflD4I ($4,.
iIf? F0 f 6 -)

445CThj 1 9 HSCT IF 1-0.

490112 I HI ItO IF 1.0.

I I-C! I 17 1~
HICS 1 62 ShI1FT LEP? CIRCULARLY
HOLCI 1 53 SHI2FT LEFT CIRCULARY

I DOUBLE
witl 1 64 SHIFT1 RIGHT 721LL FIm

HDR.' 1 su SHUIF RIGHIT 0OUJ21
P ILL 2EROS

WSJ5 I CS Sw27t RIGHT 72ILL SIGN
Hm9 1 67 SHIFT! RIGHT OWAULL.

I FILL SIGN
END tIC C'CODE 6X

(IF Fil CCI. 7 0

*4HS~ 70 5 SCALE FACTOR
HM57 70n I 002191.0 SCALE FACTOR
HEI 1 70 2 COYIPLEI1447 A
HOOP: 79 3 0051E WLEVINt A
Os'tx I 70 i
opE!' I 70 6
DPEI: 70 5
GPO!' 70' 7
HOP. I ?21 120 4 LOGCALSU
He: 1 72 2 SLIM
HANi I 72 2 OIMPENtCI
I44OR2 I7? 3 LOGICAL DIFFERENCE

DPE~j I 71 A
HANG I I 71 5 AN
optx I 72 6
0049. 72 7

OMNI 7290
aPES. 72 1
OPEN$ I V2 2

OPEX4 72 4
OPM! 77$5

OPEN, 2 72

OPEXI I7
OREyl 1732z
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IrytinT IV INSIPtICT2DN DfC!XX TABLE IPAL 21

Doli ? 3 4
U0 X1 1 73 %
011'FXij 73 6

QfX X 73 7
MII 1 74 A ¶III1PtY REGItTER

HDII 74 DI VIDE REGISTER
W. 7 1i 74 2 95"iPE p~iT
I4Bi 1 74 3 LOAD B(A) W1TH @(I)
HCj 1 74 4 COIIPARE PEEGISTER
HCLi 1 74 S COW'APE LIMITS. RtGISTER
H[Mi I 71 6 CDtV'ARE MAISKED, REGISTER
ficR' 1 74 7 COMXwt Rig) WITH R91t)
(WEE I 7S 6

(WET; 7S 2

onEE 75 a
D('EXI ( 7574
DPEX; ( 7s8s

orEy; I 7S62
Of,[i I 75

CAPE ItI 7671
HPEsI~ 778 MOEICIlII

On CLC IlS
HSTE~j I 7ISOtR4 ~ IEat

OPEXI I 7s72
OPEXI f 7G78

HSilI 1 7749SOEI OIO

IOCCWE I *N>
IWT a 1 7 1. STOP PROESSORIECLC

143 I i ATPO IN TERA ~
OPEj 17772

Ei ([On 1OEP IV
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IINI;?VtU: I MN I? xf UlION1

i tIC,. * ??GIN
1I IlLUP OW .0 MI IV1 NF Xl II(KIIIOUT ICYLI. I II Itt?

'iI I lIT I I

\Z EmTIl
\3 fmltt
\4 719Tl
\6 BEGIN

IUr Fl LEO *3 .>M7TIiliI

I? EIlY E v M

IND: NI CE

I INSTPUCTION CYCLE

ICYCLE *PI:GIN
117 NOT POfLAG *) REWOINI INEXT
irEXc NEXT
(If POrLAG *:) CVEPPI) IIT
117 tXPE -) WIEXC NEXT EXR? * 0))l
END

EPALCED IEND Dr DECLAfRATIONS

I M-AIN EdECUIABLC PPDXIPfl

PLPI- BEGIN
Ir NO? S?0PBhIT*

ICYCLE WITE
(If NOT ILOCK 0 INTl NET
PLIN

EN0 TEND OF M LOOP

I (NDOFV AN/EJYK-?



3. AN/GYK-12 ISPL Description



Yp 1, 1 y I Ior-onolsI PJ-leO t3-reol-98 11,30 iICeECHU-IWO Peg I-I

Of C1 rivr

ibis 1 1-,' i., ' it n- ho I fin hoý Fri bu ',oItl ,at ion,
I I.NJflYi-I,' Iv-me P, onineI.a Op. i.'1 n- M.nuI

Prog-r.. fi9 Sujj'n-t System ,i(iion Diat Systems)

29 fu,'iust I97P
IJ•fCSCS- I!-4-.¶

M+CPD l•F IN,- I S
MA'PO END t- I S
MOiCPLO PtIUS g MINUS (MINUS S This is Z's honp. addition
MACPO PLEN .- I $ Ithis should consider as 61b k

HfPICPD MovH t. 3,1757 6 1he erchittciure suprorts 33.1SSN,32 words,

MOfCPO MPoh is 6553S S Por 67.G1,86i4 helfwrds,
MACPO Mou6 1.131071 5 !er 1,i0,7?41,1121 bytes,

INotv the follaoinsg
I Ichitectu-e related variases srpo.,iced in upper cais
I tihroughout the ISPL. description. as compare with

I imylcerintattion relitid varisbles are to lower case.

IPr nary memory (lonmlnleed In 16K piogo of 2k of 12 bit wordsI

tM•wlPiuw.)Ce~l |>i lWord aver ry
MIMHiitioe.hI(S1IS) It MEMWiIP-irw)(D31> Itilfward "nery

EM•Mniea.bl(BiP) tN- IiEMoIowmlC•I l)i lyteo Memory

IThis is the tow end ef the prisiry mewary. It is ed to
I store the state of idle pro•ram levels.
II|MSEPtiCAIO204?l(Oa~l> M- MWIdOt04'?lCS3fll~

H~filti'iv~lg,4SB9•](DilS) is •M, H4l~i4OSlC~tlS~lg}

Processor tlile --- The GYY.-I hrdw•ure imanges many suit lyowsrmtint
tatle• left to software in ether systems. There are S4 sepsrate
hasir1wre 'Pogr-i levels* • level 63 has the lowest Prisrity,
I nd level 0 the highest, rich livel his Its own storage

socat lone in the base gage of pr ilmry eemory tm keep copIes of
post of the following resisters.

1The following registerei Fell into the GKY.IZ Soiricl addresls

icetigory. They are accessed by halfwsrd sperand addresses W60 - '3F
lin the order given below, Note thait they are vot capped Ifito primery

letmmory. Copies stored in the SHfSPAMNt of memory era inactive.

Ispoieial Address
I ---------------

Nrc Lorit Ith ihot can only bi accessed by s ros'-sm level with iprrlvelegs
IN% -ndlcotes thit only I singly copy of this relgister Ii:ests. All others
I have n• tory o'er I.roq•s lIVel stored in the 6his pigie or memory.

(Ill
W0,IF 'PLIIJIM. ISI(Oi3l)i Ifesl general raecess registers

PPIi;itlOil )ifti S1>', PPICG lS01)(S.1tl> Hui same

\e FNiPiIt)i.PPFrWlilfi> Indicator register - flies. ate.
01) in INIPF.,Dl tOverflow trap override
ICV) INDPCC'.|i Level chang

is INIIPEG17,') !Stire bits
MC) t- lIN•PtrIi)i IMeorr test
i'lJO ie IN(PE' fT)i 1Pr violaele sisltio

LO( - INI)PIGC)i lnmput perily error

Arc<) e NflPt GO) ittesu-iry parity esor
01) ,. INIDPIG'.itli !Devlce tiseout
NFO INOlFG( I I ) I iNnn-onipleentied Isatructieon flag

EFCr' t- iNnPI[GW?)i Pterry fla9

IOF ?- INUPrG'l3'' (Overflow grester flee
W) . INAItgGIt V1P )1s l/ets flag

if C) isINDFl'lGh,)i 'lets flo-q
fLnG,;13n - IW)PG-r' liil)i irodlitien iodse ils.

NI t'tlilri) i- PrPiGIwIl(IGi3I)l !Proswa" counter litflvs)
ltC(IS) slwers ster

Nlc-I. MutirifpG'1y31) ic PPIQW14)(Pc1)l IMist register
Nil. It..If i'll-trI3l> e- PPIlMIIi(ia31)l losr to 6s ae.-ei durring wn tr'p

;'il. IF
\N v t'i il~ i'.PilI.) i !Page Control I idsitsls RlsaiSIes
N319 31
Np MILPLG'P.0) i )Privlege aurd level link register



GY 1- S"1r"I v1r A"l W I IW OD nh r . I1 9 WD bfIe,.tlj-IrCI P.q. 1-2

LPLeI3,S> PI Ltp[r,ý.7> I tir,L rocm lve
C<0 ) PlLPIC,869>1 'level cotrol lorintrol lredmrq 9

'in vrui~
IL '< 131 51 PLL

0
LG1 0 IAlS)i 'cell ;-'.rro lwvel (

Tm
o)

LAMM I> .P'LLPVGUlS'31) il1i6 erguwevi (trenweIt Info to
Icalled pli.

\32,33 QPCGe931Is QOUeue register
l.sitta in eel, .00ory

\34.3a5
\ip \F OLIXPYPL OB, 3l)i 1oueri regieler

IPO QUE PYPF G IA) I llnstrurt In'n par't, error
LPU I-MBYP[QCl> Kovel chenge parity error

ZY> I- QUCPYPEO(Z)i lifletFUCtief violation
MUC> I. QULPRYPEGC3>i IMesoep access violetion
410<) tOUEr.PYPECC4 ) flno~ry time out
SYC> is Q(NrPYPtGcS) i I6"pcifcatmon violatibn
OfltAm3) . M tPYPtCB,5>is Pegi oa "eu Mi~er

PP<O U>i- jCPvYfEilDi>i lprIor Pregram level
I-OtEPYIPFG1l0rl0 these bit ore reed only

LLIC) CitOPYPEGCISG)i1 level iock' indicator
LEW e QIARYPEC~rI7>: 'error etwi
TPIOcBB I. OUPYREOK<11i23>t Itentetiver perogra level

to QUIEYPVP(0024u ISpace bite
fiPLOOiS> i- gtJLRYREGC2S:3l~i aoctive program lava)

\0 5 r.LfP. 15)i l[.Pcutive lini, regiser
itPL<BE>.) ELP.<l~tl)i1 Ivoecutive program level tilled

\p NotuoardCO S~l5 lihivoed

\P 5 PARI8171'llS>t lPresra. activity registers -
ITheac 1,eep a record of active
eand suspended progrm levele

P5slleletOne IAPliilce1lsfl eliel the alive bit eiddeseable

PS31iJ5l0i-m PAPIZICMIS>i

P5411110%l(1- PAPIBI'Bl>i

P1iE1t6l15C0te PAPISI(Sul$>
PESIA'l1SlO'. PAPISIOMIS).

lArchitecture related register vil%16le to pre~reemmr Inidirectly.

rtirrcn Irwatram. level lent' arme as LIl emcept In
0 prog-a.t level two,

LOCI:PCAROI restr ict access to Meeeny thweuei. PAM4-IS
Iresult free abort pregram level chonge

CIS0O, >1 Iteeputen leet Set(tonditilevel transfer eiaitciuel



ryl, Ill. ISI kI I1.'itjvi.(tiiu- I IyD 'Iti I~ ,dt 3n~ WI~I.rMv tIM P.. 2-1

!I/(l P11 Wiit) pr.isitpii
17h, 1/0 d--ni ---rorrd -~d -lA, rn, -, &Is. stnord in fired
Ir I- 'tI -, II In ,f ftrit FPOU of 1 nior l. 11 V.IPjq .l11 not , giv le.r
tip, .. I cwp- , 4 orr lies, word% ii ,attr ti-4-, Iuiu the

itr'PtArf.F . n~ Ite in, 0. 0 tirsi h..-F rInret . 6*,n,or nd .
.1- oI ir d . lb'1,1 1i 4'-npsn I, n( i~ ., 111 r 1r -oe 1iii...

Io-vrce 'III Is % orvfvd fri * arirtor regisnter Owtvie funoction Is to
Ir-nntain piertlInerit Ionfoiot Ion dur Ing on 1 /0 er ror I nteorrupt.

mnnltor((ir3 l lrPed through device 01.
Iset throuctr device addruess Iti
Irend iii~rougt deviceaddress 02.

.aInt,,q<0r3lDi tread tlrruqr udevice OZ

181t layniut orf mrriitirn ralisteri

MAC Pa ernfeulit.~ I S !System fault
MACPD crimfoultr. 2 S I1oirituter fault
MCP Ioirrolnprut or oultput error
MfrCFD ,Vrniri B S :Devic nput pur-ipi error
MAECPD dbnyrroria 9 9 lDevice timwout error
MOCKP -orrrnrni- I II S 'r.emor y apr-et, violeat Ion dur Ing 1/0
MA4CPD c wprr rrur. - I S Itciortrl woyrd caritly error
MACPD rtr#'er-rori. 12 1 Idat. word parlity error
MACPD motorroriu 13 £ IMimory timeout error
MACrD Iiscerrori. 14 S Il/D Controller time, out eirro
MACPD Ploerrrorie 15 6 !Program time out error
MACPK avnerroriv 16 6 I1/0 analanche error teultitile I/0 errors)
MACPD MnerjAd 1o 21i124 2 Monst oigoritcamt hits or memory aerleso

Iduring 1/0I error.
MACPD daurauid s 2Ci3l I envit address during lot error.

lArchltoctui *I footuret of 1/0 not supported hiprot

i-I/0 Controller
i-I/0 memory access control - associated with device address *6
I-Plisnlemnoirce prinel controls - associated with device address '02
-Pool time clachos - associatedi with device addresses '9l3-45

111it ansiponients In thrminiationr wordi

MACPO hnlr~crcofla-ei B 6

MACPD fmiplis 2i7 S nhormal return ptrogram level
MACPD transerroriie 8 1
MACPIJ oipsrror IV 3 5
MACPU cirlia tlls 5 1 error return program level
MACPK cininendra 16 6
MACPK porterorm 1? par Ity termination
MACP.O Octci 10,23 1 iruoutu table control - controls entry In

qwueu reru~i~ister upon csompletioan of mItO
MACKU drenstas 1.24131 1 ieteoicw sattus

MACPK tIo6.Inrrh 0-1 1I
MACPD . I I. I It 1, 13 S 1/0 arodvsi ti-ber~ln,

I-outpt.it full -ird be byrte$

3-Input, full word by byte%
I ~4-output, upper- byte in haifteord
I !i~-outort ,lower- byle in heirmi fod
I G-Input, uprer hbyte in haltraord
I 7-Imput, lower byte in helfseord

MACPK rnru- dd I- 11,31 I !current edlirus

IC~eni~.sitrI~'I'~rhiAn tner wt-itch prtnto be aftilI
Icito,tieeent of 1/I) dervice,, It ac-cepnts

Itippisl I I~'/liltflu his air-ry pretenid, to be the IMI
Idata ports ausocnisted with the
s&6..w deoicas

II)1V~NrUrtu,ij lnumi'ar- of dev requesting lot

I heimii en~ore trods sod status
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e~ui',,l't~t),er*ga

.ou~~e"O 3''ur'ful' u pp 'ot#ij' e uI lctou
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eiiedd~fleI¶.)t~ur~l~t~lI 'oeo-/deor

e~i'Ad u. opot ''u) 10o, IS) 7,e3.f),

ot-e'(A,31n P-9,01Fsr eteqte

hi ~ ~ ~ Ij I. .. ,0' t A I)')ueoftr
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j

iwt'itit'titf!)9 i.e vo 1iv. s . 1 u1 e

fl, - -at dobl re iote Iur ..

vrtroetdufetch

ciifre.~~~), 
t
ln ot Ito oil n u"f

mt''.to I ' th'ei IN0c iut tr
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rll 1? 1.'Iwo 'I% I'r~V,¶ ltV ri ".)- /s 11)W0 N h-CI.#PC t-lIEO P.-

Ili Ift, PRAIIIN5S

Wr&d~wrouX.,l,Ivo (a, roog.. level' 0-9-91

tern)t, A f NEX?
sloop-nsbrt~tt* ~ tKp-ir)1<19)) *PPtGMItiocwtri,>I' NEX?

Is -) 11I.us'cr 4 11<7.0) N[IX
tir toptir LOIS 15 s)loo9P)

15%-o procs. roqistor 0 only

sowA'- w~GIN
Xifl1PAGIGII(VN. * 2X( -f> AGdS
(NO;

ILood all P'ntvis reg'ofuro

IIoir~nr 'lIjIN
tw-elr * A NXI?

loo.pt' PRI-GWItwnt,<4,?> - MASEPAG!IIIFFL. '20) *tol)('9lNIX?
lspclr - liope), * 1)(710> NX)
(Fl tmi LEO 16 0> loo~p

3 
NIX?

lLoud registwr A oinlp

lodrt'AGIN
PPFGUIOI * RSESPAGLIIWI. s 2A W~i IX?

!Land Pa-3. control stc*e.% regslsrer

tmpetr - C. NIX?
Idloop.'P1AP~tw4ctr<4P*)) MPO~I11?(P * '401 6 '20 *

0
wctrJC(IlS)l NIX!

otwhj - lim~j) 4 1)(7.0) NIX)
I I Isn't)' LEO 1S *) Iciloop)

tICP

'in' (~rot 4 PLOP only

-oFIIor 'XGIN

*)IA NLNIX

f.i 1-
1

Y4' Xi e 1-01 3FS1 'Idl&eso

EM)nn. ITM

I-s. Ip!0 * NW1101 ANDl PAPI Iii

I p
3 
*PIt),' 0C) P1.911311

11$ji01q0) AQP.W161i

,'. to Pfpil) * 1011(P Pitt?) M Xv
-- NT 'I

I' 1,.;w IF e .(r'oI I 'T F1111t(Aii ITt-oo WIXT

I NO At

"Ii I O 1 - 1-1 1110-11 ".11 N~O' MA
wl INOk



ilna,.kr..i lood4pcoor I LUUPOK * III
(ed4Oi lvodpcip I L().PPCAR @)OI
(I-Jr..i' h..,14mor LMVPEAP 11

P1.114 - I NET101wa LIl .,t-v
PAIL toll Icycle Iobon't lool, *I Ino ut - go to 11.1,1 2
LN~z

IsiIp to1 now prog,.e level in resp'onse to inivirupt or level chase. Instr~uction

owp, BEGIN
*uct ion NEXT !selert now progam. level1
COICOCE LL~ 0> loft.o.re Init Istwd p.I change

0am'r e
I EXI

PPR AP Wi XET

A * nvgll NEII
P ILPG -BASPtfAlIfnvwpe. 9 '201 4 Wi~1i~ltll

I DtC0E C-)
(loodrestil loadmer ILOCKPCAR - O)
I loodressi loae~pcw i LOCkPCAP - III
floodrei loomor ic LOCIPtAP. @ O
(lo..Ot lodlp~wi IIICLPCAR 1 )

LN01



CyI- Y' ,~I PC r~rItoCM)- IOD ~ 3 I,-9 11 30 WD)ISWCU1j-I8 PW.' S-1

Or..' ~ ( ofi fd h, I, ir- i, I I- I, ,
no wa*rning Is givenf to f0'rog~o

-- hov,lr I1. io e-Mrw t ion. 6.ut ,.l~l Or qht 6&. charge

*IBEGIN

IPr ivoele-g violeti~on act Ion

poololat-r-r' BEGIN
PV I NEXT

LND,

ffVON-imeopI,,.nfw instruction lei ~ifimed 6y architecture)

iroi1. ntGIN lunused Instruction code
WI - I #(X1
"trapt I al I

IChadl *"-cry access violationf

s.1rvi. BlEGIN
'DECOOC AMI [OL 2 0>

MV It

ENDi

Ichacra for *reoi dots1" access to I....

ckrdai- O11611
If fPCARPI.ff*Jd<8i3>1(Snu tQI 33 OR

(LI3CItiPCAP. AND I. fed"b3> D.¶R 31) 0~

tND#

Iclived for *rvmd Inalruction"' access to past

tkrs, BEo ~GIN
IF I itofd(h)S, Oro 11IOR

ILDCVPCrfP AND t~f1*ddB,3) GIft 31) 0)

INDI

icwI For wiell access to pose

cloa.m. BEGIN
IV (PCPPIvf(,4df(031)901 NEQ 01 OP

iLOCCPCPAR f*1g .wrr ddtO,3 GTR 3)) 0>

INC I

fCD,.r instruction violat ion

DI(XIEUI Aft. LO. Z

Iv - I IOKX

INC I

C!rci, ir,r pr 1vPIrn stat us of cur rent achy Iv rogam. Intll

fIfed, 16 o, ea -I r stondat.us

5I, 
ullif (PIP 

I 

f 

V 

f 

e 
W IPOP 

I U. 
3 

i *).11 
BoIeI



cL, r p.'m .!G•N
G Ir , •f. d•.tI > p' r IuI-r•d.- * 1

cl,',q -v, 0I GIN I~ ~ IF~ ffrf4. IQ A)f -4 7

I .

CV •4R€, ' lIt G !N
(IF le'f(.,dd'lO) *> !.3,cJi of q~ rorg *

(iF pq',nly O• U(eff(Ii1i> N( iS) •0 (PlI N(@ '10)) ' .) m(v)



GV' t,,. isPIE'1PCW4'vi*r[mu-t oo totbQS 11-30 hDlSi{P11-IWI P 6. -1

'n-r."r's '-f a-d - 11 til It its

I7renslata virtual to ,*al addrepss

vir trtal ''BEGIN

(NMi

lPeed (-me secial address thalfwrrdl

raph'' nrGIN
ci

s
r spa NEXT

'DECOOC ef(alddteiII> *
NB ,tlap - PPIrA4tofa~ddCIIIS5) I
NI rctmp *PPEGHIeffad1d<liIi)I I

NZ fercimp *PC~piPertadd(MISiI% WINET norsesad -Ill

NB (DECODE afresdd<2I%5) .5
NO uictap * HAr.EP'AGEl(AP te'4.3flrX11Ot'lsl

NI rotep HB~n~lPAG~lli'L-'406531lli)lIi
N? sr-clt HOAStPlNEi0'es2(iBI

\3 sr-clp * NAStPAG~l(iPLv'44'33)(tIiS>jl
NI srctap * Ot&PYPtO<SiIB>i
NI, sr-clp - WAREYPEO(IB,31)I
NB s-clap - ELIi

\7 arclap * atrausedil
NB sr-clap P0XI0I1
ND sr-clap *PAR1111

NA s-lp*PAPRIZ1t
NB sr-clap PAR1311
NC sr-clap * 00141
NO ar-clap aPAP1I11
NE sr-clap *PAR16I:
\F sr-clap * 0*17

END' IM rapt,

lRead acrmclal address (full toord)

rapwi-i BEGIN
clr ap NEXT

NC arclap a PPtGW141efadd~lrtiI)I a

ND ar-clap - RPlpvhftadd<IZiIS)I loIrots haltuord result
\I (DECODE eliadd(I2'lO) -)

NI srclap . RABEPAGEIIAPtSDSSIIUISM,B)Ii

N? r-clap *U14~

NI sr-clap ELIR a oplusadi
N~4 src-clpa PARIS) a PARIlIg
NB irclap * PAR12 a PARIShi
\G sr-clap PAP141 a PAehili
N7 sr-clp*w PAP161 a 01151?

INW !at rain

fWrite to a special address (haliwervil

wapho. WlGIN
rtwara NE~l

NC P14t.Nlcfladd'I'l%1SI -*dvtlap(I?r3Z)
II ,WGW(.l.trd(lIIh)l - dsllapmlip3Z) I

N? (rC PI)GIefa(IAt" 00o IS))12 *s dstpII)(101 ttPl,2

\I IDIOfI cm, ad?,IS

v #h~pli~~'Ieq'ilrl a ultap<17iI2fl
Ni MA PftAWIpl(N'AR 't14."ai31,11I 01 dillaPllKIZ,)i
\4 (ilPYPIC,lv~S). -si~~ij)
'1Is least hrriratFall of th. 051'TPIG rn teat?
Itce e-.4e If siJli f wae lvi -,IIf a 0/IH aI r.-,uqf lea

aidrsac his est a1iprtiuarr hail,. it claws the
'anl ssuf knthalt. IVt, s,r- 6-19i

(1 il rber. 10 to 1 -) QIPYIPPEC(S I>*oil
Nb lIP - d.1iwr(l7,3z)I



GYP N". 15111 'IflCfNI.CIJI no0 ,3 F4 'l1' 11. W hVI tWtJ-W J p O5-2

VS PAP I I 1 3.),

\F) PrI30("I I.

\c PAP141 dtitt-r(17'32>i
\D P0PISI -d.11wC27,32):

\U PSPI?) *dsitýp17,32>)

tidDi Set ..Ot,

Sit# in a spec~o 0.3 *dressWfu -,ar)

wasn tOIN

IDiCDCI e!#add'I111ilI)*
\0 POEOWIrffadd(lII4) - dsttmc'(IeZZ) I
\1 PP~rWtfrrfdd<f 1j14>) - disttmpo)'3Z) s

\V fDcC)pXrffpdd(I2,145) -a)tmp A

HXA BA
t

EIAPAGEI04r2r-fe119d)0oI *(li) d dtiwool3ZMi

\4 500050) * deLt*(IilSGsOi9L) dstitWCI32)l

XS (0004) * dalupC01)iIS001)) datvaofl?3Z))

\? (000(6) dstip(IIlS) OPAL?!1 * ttmP(I~i32)Ij

\6 (AM cltmPiIIlPRI)dtipli2)

\7 (ARII' tipOSiPR ito(3)
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!Pr.d date f-. a h.Itwo,d

((A1 tCODE 01 AAfr rl St .4

or-h I

irrtda N(EXT
viislNEXT

Plot * iiM~Ia.Ir NEWT

END#I

IPsad data (,a. a fu I1-,rd

rds'- BEGIN
IDECOE .t (prd CEO 64*

.P aps
(e~rd. NEXT
vi~tt tea NEXT
mihr - PMSJI~mri9g4)I NEXT
arctie - mbel

Iread a data bvtb (.& uet the helfword routines for the satia d adseasaa

rdhytqaiolEGIN
(DECODE effadd CEO 64 *0

tr~e s bEG-IN
rtph PANTI
'DF.COOS buiriselect *
No arctwn.e arctar(I7s2Oaj
NI etctmr * gretmp<?le3i>

(Not
cub. BEDIM

dadae NEXT
virteroel NEXT
w&r - tit~illar a byei iatelat NEXT
.rttap - ekr
END

ENDe

Iread am Inatrudi ion from a word

4ut" BEGIN
IDECODE E(re44 GUG fii 0

'DECOUE uvraddt IS>
(tars NEXT lriled - arettimoflI2t
(WE * ti rait * IPWPREG NEXT BAILOUT aftch)l'

(ris NEXT

oh, * It.., 0,201> NEXT
Ite *h. - sit)

END$



.' It, 9. ,t. a hnl.1urd

wt.'IllGIN

IcnNEXT
yrrmlI *A, d.ttwpli~I) NEXT

[write m full word

wrtw' IJEQIN
(DECODE II~d GEO 64 *

~1411I
(cl.w Nfl
virt -qul i -ý U49~~l3) NEXI
ILPtIb mor< ,-(21) I mabeI

CN,,

!Writ* iInto * byte

IM Iyt.' 'BEGIN
(DECODE ,U atdd GEO 64 *
wupb'- BEGIN

roph NEXT
INC=D byiq..ain *>

\B dttn.4 atm(S32eIpS3)
l dAtkiwm * retwpo<l7?1)gdstimp(tSi32>

INEXT

(NWj

c6.. NEXT
virtreual NEXT

*k -dottup Ch32> NEXT?
MEMBlmwebyqtevoIevtl * wM 1
END

ENDi
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*i. ,H die,- cL&Irsieri -d ortra.d leti n d Oin,. fuutiull

'DfCWED .rcimp (17> *>

ILIter.! addr ... Ing mdod "d moe

Li teel, .BEGIN

NO (ircr ds - PILUS SP.,d PIPIXI
tre-qtmct lt! * PPOEW OUT o-) NEXT

I NEXT
(IF in,M. Nro S -

erctimp - Isrmpnm preqtlwI(32ilB) NEXT

PrIiLTJT liter.!

iiu3 - urniep(O:3 - rtrentepOi3> NEXT
CF & Iiu

3
(> to terry out of w~ord cii position

snrrtmvC1rXZ) - MIU3J<iiSZ)i
srctmpeO> - isrct.p,(Ii * preqtw(XP>1 * *1iu33fl)l(S) NEX
(IF cfolrit e0 BAILOUT literalti NEXT
IF (oircilepoi l NWO 0) AM4 tsirctp(ivi NEC e~lill
Or * lsrctepMt NEC mrctmp(i>T NEXT
(1 IF OF4 tMAN1T rnotrapn AND PET OI! 01 trinuf 1)I

D0irict stidressini ande - mode I

Cirecti tFIfLGIN
(ODCE~t imden NEG 6 *

ef(OMd 01-141d
mfsed. iopadld + PPLtWI ndmoit)(iS)

rND
l~elt lye std~reuuing undti - made 2

tIE Inider EOL S a effedti f op"ti * PC)idle)it imverflet Ignored
(It rides LOL I *) etfdd * onmed * Pc * Pntw~tIim~StSel
(IFIndI Gtec P I *) ffmd * Ieoetld * POEiJ 4 0010141indesil(tSt>)i

I indirptit erdd'eemin miode -mode 3

Indirecti *iGIiN
Worlad - tumid NEXT

riietki* XrTzipti NX

It( rIde. INOB0.)
ofet -di * eiiedd 4 PPECWiinte.lItSiX))

Ihirrid oc'orogrd frtrh

iDEECODE Idid.
1(001D NOT #-q~d .

(SV - I NIXI ipoimletenl

)IT

i tI PET cm-itnd PAE iedod PGi *O ) vittimaS *rctepim t
I NO

itultuc, .4ei d nd rec



1C CO E~t NOT .'.odl .)
O1W .1I)y

,l,.,t hid -#oi0-

(.indret (4T1,0.
I (4151
I IF (NOT rot otendi AND udnod NETS 01 sirneWt

Btyte op-trstd feptchi

b'Pfvich" -BGIN
IDECODE scdnod')

IOECOD( NO? ..- dti*
(SV . I NEXT pwlIcst Inn)'
IlitrsI1 NEXT

treins * orctump<~zsllzi

loirpect NKil rionteli
[relativoe fLT rd~rtnlii
fi~direct NEXT rd~yt.l

1Word persrid store

wogmtors: ilEGiN
DCOlLDE adinod 0

ISV . I NEXT pvlnltlonfll
(dIrret Xi
(reladibell
( Indirect I

INEX1
wr 1w

Ihulfoord opeaend store

hopstnreit BEGIN
(derode adnod e

(WV , I NEXT p~ololtlonll.
(direct ii

(Indirect)

ENWj

DECODE.,ri etod@

*OC I (ttpooltlnd

Iý boI NEXT"lltl

INT ST

"I byte
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1[05 I? l,. s, tt

- alcmulel opr, Aind *d...ips and fetch operand mint *srctipp
I- (armr ann-ral Ian using ircto *r nd a Processregister lu~u.ll 1

I star* tesult (rma dotter int desatination
I set Con~dit Icr cojes

11i~nt a)lI instr-uctions contain all tf tpr above signal but tisol should
Io set vro is 9"Od Dut l In* for undirrotonrdling the lop,

INfli thril mpen,, ac Coos vial atIont, etc. will two#s Instriuct s,
I Crier at I an to Is b aborated, (Soo trap and swaptwo, above)

fpcut Irfa, (or retl t Ing andl soll IMS Ol-a CedIt ion codeal

r -.'ctf 1AjDc I~ - 1? 01 Or SP LI - SI Lr - S )1

setefli- (Er (Idstlimp(Oll?) NEC 0) AiND (dstiptpfOil?) KOQ '31FFFF)i

s-ttq(Z' IIEF f ldsttei'<lri?) NlEC S) PAID tdottep(liI?) WO 'IfFrFrlli

setl)fra (OF f* 0 P ldaltip() NlEC dattemp(I))fl

settiflo)CS~Ic.1 lo1 .1 oP dntterp<Vl)I

sawtfi. f Cr Cr OR dstimp(S Is

traptrote. IlI OF AND ROI 07 -> trapfloo M l



flYr I,- ¶91 ' 1011 WO iIotCrJ- l00 340i,-711 11.30 64CIýoCCtJ-I0O Peq. 1l-I

H1 0.4O .a I.Al,q ;-3ou

ldt.. TILGIN Inert det* lull
a- r..tfla8r4%i
a-lorly - 0 NEXT
aarlrct, NEXT

END)

LDIt-t IIGIN Load data halfuord

gfrnly . 0 WIXT
tua.Pfcatci NEXT
r~rrawlaca-aaa - orctoja<liEZ)

lob'- DFGFIN load oo1 baell

pa-only * I I a-Icily * NEXT
h~popltut NEXT
PPIGWIac-um)(0111 wS rctap<l71ZZ)
LNE

Idui' IILGIN Load la-o upper 6y
t
o

wa only * I' ictinily * 01 bytosolect * 0 NEXT

1'PEG6W!.ccuml - aa'atopCZSah2> mnote PKtWftaca-aao(SaZD) o S
Fl~a

Idli' I11rOIN Load lfrom ltoer byte

pa-only - li cfonlya - Os bptosoloct - I NEXT
ý,wwchNEST. rtPZjZ
WLI eta-usn I artplB) note PfMllodIccua)(t(SZI I

END'

Ian-l ODEGN ILoad absoluta value full

pa-only * I NEXT
amoPfrtrh NEXT

PtapfWtoa-ruoI - do1tlaatt32(
totals owt.11 NEXT
t,.orbs

t

I ND'

L OIt'- lit 11,IN 'Load otrooluta -alue half

d.tltai,r -. imps

I NI Xt

I,(' lit r.IN Laoa, twos a-oo4a.morat lull

d.nl- 1 1.1 MO?1

om1P 1A -1 4,11.,1-A

a,#' oa..tl I

I NE)



(INt I '. ['it IV.I (If i,'lW(MiIM ;'I) .1 .'A I 1130 .AIISfrXJl( P.1 i-0

.,i.ih N1E!

- 1--lc'. -. "0 31.0 N1 xwI
l'fFGW.Wlcuml * d.Itap(,32)i
ent oi sI*t o I NEXT
q , sptgit
INDO

edil. 1r1w IrIt1port full wo~rd

*-d NEAT
ititt#%* PPTGItwlrrum) NEXT

scoii Ilt 0GIN istoer lialfirrd

ti.mid, I NEXT
* tP~lllecac NEXT

FtoinsFores

ENO$

*cFIN' Ill (IN isters most sisnlflusat halfuerd

cuif lug. I
dctmad *PG~tum(t% NENXT

Fir~l oru vr

sdui* Olf 1,IN Ishire lInt uppir byrte

liionly -*I I *esedi * 11 byitsslsct * B NEXT
d'tt-p - iPcIwlIVsccuslQl21> NEXT
Fiorstors

adlo- IIIF GIN Iste's In~to Iower byrts
i n I* Ii FCried * Ivi bselsct * I NEXT

oFtn'*FPrtimlscusI<1431) PCI?

Ill Ci, IN IiFW

-ol' I Ir t

tili IIGI onlrc. afir

I NW)

MILJ' FF1 GIN ti-ar InnccdIst Fate Illtr byrts

ci (I f 4,.1in's~d NIX?

FII.,, Is d OfI
I t Iti

I 11,sl tsio In

I.,.F .. I .... F N1 Wf
ta-cn'I I - I NI X?
a, huge



(I y 1 V. l'I w 'lIfprl1 sG W7PI(MIIO 11VbW" D1 .1 Mhd- I' HOCPli 1q l¶3

1ND'

a l, , t r I . I

cxr , - M GIN !.rh 1q Iul
I- tills is 'CA,]-1 *niy-w Ito

IF I p,

-- ' I W.X1
dstims,~ - rPtLlWlsrcuml NEXT?

Ior(vtch NEXT

,4'r114 - i * - w (I3 5

I ND;

EXHi. - nIGIN iv-chsnq* halficrd
10this isrqdndf-rt

eftel SXI I
v .Isd I I P r~Otlv I I NE.XTI

drtitfmp PPFGtIJbscumI NEXT
Svtc(f2*
hnitfptch NEXT
PPGW61eccumsI a rclip(l,3z)j
14rt wo
UNtis



.' I 111[ ;1141 )IqEil- I'D Z3 r ..1, - 'nI IR WDT FsCIE1- IWO Pow UZ-1

th-lI iw j, li -i," 1-%n

-h f", "rx ,i(!19. PaT,, ,,-r P101.

WIT), ,m III (.INtitt.'r*I'()1T

4.1 1.0 * -. rnt(] ,32) - p'.j1,I".vI32> NEXT
Ur - CV OP doAtmp'O0 NEXT

I NO a

AUIFi IIIOIN 'Add fgIl word
, ,. f 519 3%s
I,, on Iy -II -nI a9 - I NEXT

aiichNEXT
add NEXT
PF'TGW~marcum - d.Itmp<It32>I
Prnail siffe) NEXT
it aPtest

Iwo~

aODft. LICGIN abdd haliwod

P-mtt) * 11 morI., - I NEXT

add NEXT
1'PEG14laccu.i) - d~ttn~p<IiBZ>a
%.tii Watil NEXT

ALCi- (TrGTN (aidd Iiogical fuliwood
rcsetfiaq-il
pt-only * I i mnpniend - I NEXT
*iýpiPtci, NEXT
d-ltmc' * sr0W11ol32> * PPEGICWmcualI NXT
UP * EL OP dtttmpCC>) NEXT
d.(mp(O) - Tlsittw<O> * srctoplfl)kS1) NEXT
PPEOWIaccumj - dsttmp(1a37)i
,vtorlugicolli aetipl

LND:

AM-u BEGIN aodd logical haliward
trtotfI*Iajti

poonir - li ntjgaland I NEXT
lop!, tlh NEXT
dsttnp - ooclam(IiSD PREGlitJeccuml NEXT
Vr - cF OP dsttnrr.TS NEXT

.c n.P (diituniCS> I*' iawp~ti'2i9 NEXT

((if III GIN Itopwar add fullward

-- * 11 p-onl - I NEXT
np~,hNEXT

addj W XT

,Oof) np.flo NEXT

I NDS

Prill' (UJIGN !replaca add haeiumod

* Ii - p1 ooly- I NEXT
IIPLtit NEXT
pit NEXT

.11.

INDl

%FlIF i M (GIN lsulbtoact fluluord

'Modtr, - Vi*ion*I

s-0-4,ir NT TPIGIc INX age'0kE

dstito-Pcyqc(3 - oqq-ciap((vtwv1.,32 Witt



C lI'[.'I'fu'lqr*!u ISM Z3 F.6-?K'S 30'3 o UI ,cLMlJ-lA PO .,l-

(I Ct OP NOT 401-tI1'0 MIT i
.4.1 * fw .,I~' I - ts;'O) dat~cIl)'6>NEXT

fno NO. tNtx

II NEXT

htroily * I NEXTai*INX

1,1 rotor -P TP(CWI arcu-I WEXT proq O)pX * t-osi l NEXT
sP~r * ~oqmc,';V)- sctsc(le3Z) NEXT

CF CF LfDP NOT dqtmtrf6) NEXT
cllo,(t fprrrqtrpmf - srcimp(8) - dattapCX))<S) NEXT

PPT5IG1lacru.) - dsttmp<1132>i
snffra sfltatl NEXT

III GIN1* Iaubtrecl logical full
cIrsetflag~s
pr on~ 1* I I nor-tand *I NEXT
wvrIsoh NEXT
dhuttp * T'PEGWl actuml % rctap(l,32) NEXT

E* -Cr M~ NOT dlatlers(PI NEXT
dottimp(l> - 1- ,rctlp(IT)- disttwP(SO)~ NEXT
PWECWlaccupl * dettoP012)t
?rtotlogieal sattch
ENDj

fLiLM. tUtIN Tiutotract logical halfward

Yrnrl -I I roe-tec$ I NEXT
hnprftct, NEXT
dstt.0 * PpriTlacunr - rctap(liEZ) NEXT

CF -ur (W NOT dskttr4'> NEXT
c~i.ttmp() - 1- Srct-sr(0> - dsttim(PMA4t1f NEXT
PPF(iWlarc,.ttl * dstter(l.32>j

srsfaIcl cet]f
ENDS

HRgfi HEGIN Ireplacer oubiract fuliword
reset hlapsi
ostmod, * I a ErCXmIE S, I NEXT
woprsitch Uift?
Proqtmt, s PPEG11,laccumal NEXT pneQtopr(> & Preqtatp(l) NEXT
dotilw * arctap(I.32) - prastapliMi NEXT
CF CE OP NOT dsttpp<B> NEXT
dsttop-vfl - tarcimp(e) - prnOtP<O - dalsto~p<S>3<S) NEXT

wneta I setoft NEXT
It pirit

MIS - II G~l, N Irrorlac, wuibiract halfword

preqlomp * PP~rI*Llecuml NEXT prrgIape6 * rreglaMPtl> NEXT
dnttou' s aoctspwl32) - rnenlap(I-32) NEXT
tr - Cr OP NOT dasttopto WiXt
dot irpfi)*otaiO) - p500(ý rogitO' -ý dstitq'tS)I< NEXT

soo! ,t.fl NEXT

ENDS
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IM,It v I Pred -ler ipl,,n arI It ~I c It,.tfert Io

""Ae e~I Je-tt4Reed e1yej1or-epd as 6r'-n aft routen,; an that

A,,-,ir it.ec ie tir reI. , to.

('1 1 tt..prG~r,E i31> NY1 91 FI)ND ttrl(b3l> WOG'lTTP
I? It nIrer,r,'CI S, IT> W-0 0)) rn0 tt4.&B(6s IS>NL IE eFrrr a irFF)I

nPrrm [lEC IN IMultiply fullrrerd

or-only *Ii oaf bag - I NEXT
ucpenftch NEXT
Or * lir-cto W 0B NrC 9,rclmpe(> PEXT?
trapimt NEXT
tIIF OP -~ ggBilLOUT wrftI NEXT
prpqtrer * PPFGWIar-reuml MIY
I I - I rc tmetel> XOImSq p(riIer>()( NE XT
fir srctmrp<l> 0> orcimo MI NUS .rctmp(l:32>)l
Fir pragtmp(I) 0> preqturso - MINUJS pr-qmlrp~'3Z>l PEXT?
t-ropE - mneclro a rmVtmo NEXT
II(IF 11) tMrrGC . (MINUS turr&GX(G~t0>I NEXT
vP'rr;,wlwctumv.erZ) 11 '0l1 tmpefrS'3i32)t

ENni

PIPHtm REICN IMultiply halfreord

prorinly, - It upfle la- I NEXT
eopfatcte NEXT
or - fvctmey<.0) NECO srctarp<l)l NXT
triotrbttt NEXT
(IF or * niLotIl mpth) NEXT
wtgstrmp TPEOGWlaccumi NEXT
ti - lrctrrrri) XOP mgw.~ NEXT
fIX arcttm<l *) gr-ctmc - MINUISrtp13)
rIF ~rwqtimW m) prt-rjacp - MINUS pregtorp(1r32>) NEXT
tmcLKiB - "r-Iter twcepgtp NEXT
fr 111 *> twioffIB (MIetNUS tmctrEiCB~fiS)l NEXT
PPEC1,1laCCUmI - t"p03109>1

tPPLGt(OWlt 4 ll(Sr~l(P 16 PEG IrrFFItl)

DIPt. IwOI Divide fullrrord

pr-only - It
t4 - sectue NEXT
r.ire ftch N1 Xt
ItI .e-cIs., 1.01. A .) o1 * IsI Itrmopia, * NOT 01) (EXT
Ii IOof* t>nirilmil dit ( IXT'
(DiCODIF t4'I)i 0
\p-r t64 - P~tG.tCjettl a t'P.Gjtettt 4 1)<34>)Ii

\Odd 1(tr4 * PP[GII't4l NEXT
lIF tlil'3l) *) t&VXý3e 32) -*FFrF)

I NEXT
t4<3) * 0 NIX?

Al - fIG4<r1> XOP .tmpllNEXT

tha , t5;4e3) NEXT
(IF t;1týGJ1 *) (64 *IMi~ItS t164 l(Si0)tI

(II ttme etoclec Ii on tap (MIPNUS srrctct(310e)l NIXT

7X If trase
t
lait * NIT? I0T NEXT RAtItDItT dill NEII

PPEGIwliI4 0 irIe3,q - ttE4 / arr~mpol (l1is) NEXT
pPrGWIt41 ( tril - tPtPa~tt.I4 # 1)(30)) a rtrolle NFXI

(It tII ri 'PiflWIlt4OIi(AetT)I , (MINU)S PPrCWtit4 - I)(3e0>lt(31iC>Ie
II t ii.* PRECIht'lI * IMIMJS t't'(CIt`1ltJl3IiA)I NEXT

01(1: IIl VIN IDivide trallrord

cei4 a, ru 1XI

torecrcWNY X
,If mrCtmwi FýH It . OF * it tnaprflag * Not oit NEXT

1`01'ar I Pt r'rrQwjlacxUal(g) NEXT



I I A M .( iuJ Io (- i r q I - # .sur.mv IF P.- 13-

I I F iff W P N1KIx
If? xi oI *Ž, I I wc PIM t. -1.I -Ii ll OIc

4 1Ai PP Ilif II

NI tii * IINUi PIRilC.WIc ut
INfxt

1[4,11 C Nt X)

(IF ItS4 / ix~rrIx)C63rJI) IMO 0
iX- it t~srpia9 * NOT Or WIXT DiIL(OJI di?,) NEXT

?'PirWItI - IM30) ~ / ArctmtpI~liO) NEXT
PIFLIDWIMi ( t64 - WPPLG ItI 1 )(10t9) * s,ctwc))(3)cO) PWlT
(it iI PPtQWI~tti 1](3,0)3 IMIMS5 PVEGNIII # 2)(3i8>i)(31ctfl
fir tUs- PPEGWItI * MIMJS PpIICW~t4MIt30)) NEXT
"not

def
ENV I

P Ir I GtIN Iroilac. %qur. root full) fbehaes IIIk. sdfl
rwvxtfieqtci ISQPT ccsl-icletlxn not iw;lpx~ta..

icc)t tfrn upsr end I& detected.
P *Or I' mnunly - I NEXT

(fi PPEOW1ercueil6) w> Or * I NEXT trepteot NEXT SAdLWUT rqf) NEXT
xlnttrnp * rPTIPpr~rlecum)i
xintop *PP(Qkdlsr.cuei W X?
cciirntnr NXT
no (viz
[P~ti



Gtr i I?. f~ 151 r'nriuo Iertgj 1W 2311,r 13n i&Jt'ihcll(IJ1 In"e 14-I

ii , tf~, ~t..,u-t c., st, ,ts-.4-~tc or-'d fetch

-I f tIet i~n.

pronip, I I; nontwend 1* .. (loflgs * I NEXT,
( DICOOC edenod .>

%I (Direct HUXT ,..i 1F. sec. 5-4c is -aony
\12 tPqleIl.ee NEXT 41mlv, - effevldlt'1
\3 (Iindirwct NEXT rile.)

arcterr32> * 0t NEXT IPEC1b> is el.ers eIrmO
!The following etut..memen is Included! to tn-evnt elovleue Infinite
! loop from west ing Cpu times. toot pert of sirchltvcture)
(If %rctWMe I'31> 101. 0P-~~ )* STOP)

xro.. BEGiN Ilincondttlooel b~rejich
.for fetch NEXT

ENDI

KLI: I BI)GIN tlrmmosfor enld ltink I sarve eddress In scrod)
Is whet if l1"li r#9 Is PC

e.fsr fetch NEXT
PPEGI~lllccumeIS0a 3) -t NEXT
PC -sretmp(l713Z>

XINi- nitHI !X'eisfs' an inodicetors
(IF leccus ARNT) flags) NED S *>

ofor fetch NEXT
PC o-tplil

END I

XXII.. BEGIN Itrecrefer on test suttclose
'It (ensue AND) CTS) NEG S e>

*oer fetch NEXT
PC - erctsp(lMiIZ?

LXTIX- IEGIN Iltciculf
oferfeotch NEXT
eftauld , N'treP'2 EXT
rio. NEXT
-s'0 -i. I Tlhis flasq cmjnee tenec to loope 6.6cl end reneet,

INete thet this De1,s outL ltterupte
Nol

Jude-i, left Insitiertione
I ef ccum * ondrs the websi oft strumijlsutor keelers eadifteelton

to1 used tier loeliwing

DU'- lIIGIN tif aut.cu is nonzero, sulotreet oen end kwatch
(IF "L9~t~scs~6 1 E 0 *

ettertetch NtTX
PlFGttImccus.ICI~i3l> - (PRE~l~lectuel'lIjl) - H<15IS0> NEXT
PC erttsp<l7132),

tOT' Ill GIN !If ercu. Is enozerro. sutitrect tamo end braich
(Il PIFWos~ceaf~3 NEs IACCM qttr I

of., fetch NI ft
PM! IGWtee.cuIjs<fi.3iI> - (FPREGW(*sctuI(I6i31) - V1(154S> NEXT

IND'

gxr1o. tit G IN IfI soti en eo .ld one e 6-1een,

P~tM~ccellX3l *fPPGfJ(eccoel(l6e3I) * t- l NEXT



xIl?; IL GIN Ilf nccu. Is rbon?.ro, odd two and 6-micI
(If PPELJWImCruml(lS,30) HEX S *) PPIIGI gir I

.fe, fetich NEXT

rPEGWImccu.I(lG,31) ,IPPEQI4I~ccusi(15,31) * ZI(IE1S) NEXT
PC . o'ctmp(1?,3Z>

END,

!Process Regstetr lest lnetruc'son

KEE,. 0E11IN . ltreromfw, so guns *ccumuletsr
(If ('prDwioccul1 tit e

offthNEXT

PC - srctmp<I?,32>

KIri. I)EGIN Tieonsfer on nonizero ewccumus~lton
Elf pKtGWleccu") NEX B *

wfenfetvh- NEXT
PC - srcl~vtb',3)

XPv . oRoGI krnefotfen s pos~it v, eccumjletor
(Ir NOT PPtGWleccumI<S .>

xdeniptch NEXT
PC I rclw(l1g 32)

KNE'- OtOIN Itreosfen an, nvegative mccueuletcr
(if P~rwtCmeC~ueIce) -)

xferfetch NEXT
PC . qrCtw0(i?I32)

END;



G 117 I V ,~I o'lfiC,fI'iof it? 100 ]F 1irtt I13 IOD L$4CXJli Pi I-I

MIEPO ortionna srctnmp<2Ii2G) A sele*cts a ,hift option (left. right. etc.)

(ititPO shifts,- sItrZ,
2  

S sppcifIes iuerof shifts

MACPDn Ftdrsqi-P. qrrii * fPICWIeccIl a PPIGW1scr.us(C,> a '110

MACPC) Put&drei1s PPIriWIsccuml * PoegdWt:31) kElT
PPtC~lsccus<CiZ) I 'I I g weged(3Z'E3)

51ff, i IIGIN Ifull wkord aci dou6le word shifts
I In double word shift'
Iif Hi is even. PPtGtilsccusl e PRElIiisccue'll is used.

if1 H is odd4 . (PtIPILercus a f'IClltllccu.I Is used.

prw nlo * I I poaweote & I I cfoolv * Ci i-i li-up - I NEXT

I~vrfstrh NEXT
(DECODE optioo *>

(Df.COO PPtfiW~wccusl<C) *
No 1PPICWlercusl *PPEGWleccusI t500e shifts'
NI PfCGM~lrrusl *PPECWIectusl tIXI shifts

END'
\iI un~pscl

\O2 5.r~s- BTEGIN !erithsowti left shift
PPCOWleccusI(i~l> - PPEOI~lsccuslCI,10 (SLC shifts

W4 ULPr,. BEGIN ILogical right shift
rPPrflWleccusi o PPECWlaccusl ISIM shifts

Vyi scpr,. R~rrdk IClI-ruler rigIht shift
PPiGIe51ccusI * PRIEltalecuslI (R shifts

\06 SLif P EllC, IN ILegical left shift
Pi'(fi.Jarcusl - PREGMIecciwil MILO5 shifts

\O? SCLrs* RItol (li-coher left shift
PPcritlccusl - Pp~twbisccusI iXL shifts
(ND'

09C SMRD, - (1 tC Ar itheetic right double

NO ts~d* fegdISPI? shiftel
NI pregd * resd tSPI shifts
) NUIX
Put dieg

\f19 Iino,'rr I
N ml Sf14.0; PIGIN f~irItimetic left double

treq&.IM~E) *Preqd<liSi3 M8I shifts NEX?

N\G SLPD'- BEG IN ILogical right double
itti, ag NiX?

ri-end , Prepd fOC sh1ifts NElT

NM SCPD.- BrIro 'circular- right double
.r-tdien Pitt
rrs, V *,. meg 'IXq 9P hifte NElT

I ND,
hin SL LDt- BtIG IN iloulcel left double

.sti-l,ýq RNIt

ro eid * rwend 954L shifts kEXl

I ND'
VW I StDi -jItN Gc INrcuLUer left double

Pi end' * rre0d I'Pt shifts NIX?

W I U N ul

11GwtsCily)lp shifts Ml?



I,. I YI xfIN "'M l1.flMI 10 11f)1 1H Ii I5 -.W1 k#0isLPJ lIM Pans 115-2

lit F''G~tfliI't fE PF'KMI. )WOs)I

OiP {i'PH.(,Lii111 ICR el *

W1I--1 I r e 1. 11 9s -V I I . (1ý3 ~ 1

PtI [.1., -ua II I'l 'Mt. I, I i,~auI, I 31> 0 [ M I I

"ANf I

NI13. 15 S ,pr i tfp ufltIriP
\IS 5Cr. W GIN Ishtift eond count ones

s-f loops-DElGIN
(IF shiftsaO [0. 0 *fAlLoUr shf) NE~XT
lI F PPEGWP.c-cuo(9> 0>

PRtUltsIIlll -fI'PlGW,1tsl11l 4 31<3110>111

shifts * hshifts - 11(4t6) K XT
PPFGWlsccusl - PPI.GWlsccusi 151. I NEXT

END

\1? sctf. IlEGIN Ishift Circular end count ones

sccf loop' 'OtOIN
(IF shifts rg. II 0> BILOUJT ohf) NEXT9
(IF PPEGWlsr.cs.I(9> 0

PPfGWIlialpl - IPPEGWII.Itrll * II<311S>lI
shifts * (shift# - 11<4,O) NEXT
PPtGMImrrusI - PMftImU crusi IRI I NEXT

\IA3 SedOSs BIIN loorsulize double

PPiEGL~lisllr] shifts NEXT
sodloopi.

(IF (;,Preg(l' (CI. M0940~)1 ) l0 llWtGaltslvI N9 0) *>
prs~di`1li3) 4pregdli:63> t5LO I NEXT
PPEC.6Wlts1yI a PPILU~lmllyI - D1(3110> WENT

I NEXT

N.Ituna-p,,- bonnet unmet ounspec I

\f Prlt- BEGIN reflert
getdregj NEXT

"ftMoup's
(IF shifts NrO 0

itl Priod(301) tIe * prepd(32) NEXT
pseqrJ<0i37> *pwspd(B:i31 95Sf i~st
prrtid(3?:9> * v-egol3ariBS> 95 1.iI
shifts - (shifts - M31<3> NEXT

NEXT
putd~ey

NI) ND fuf ohf nast. ti o

IiIt r ll51 I o h it he) f-od

pronhr *t hi novant]n a 1 cfomnl, j nDontrep *I NEXT
hopf etch NEX?

Nile SflPt i * MEiIN si tmst-I in~ prigh~t
t1 (((OM PI'TUbJisrusl(IG> ->
\At IPV.rGJIsu.eulIC:2I PPEGWtsccusl<IG,3I fSPO shifts:
\I PPLGWIs1ccusl(19it3I) * PLftGoscusl(lB:31), 9591 shifts

"I (Mi a isu,1< I 31) * PPIG11W-s:i.'',1.5)b IS1.9 shifts
No;

\03 inspawc 9
Wf4 SI Niti - t MIN ' loqirul right1

IPtC164Isstosl1I,3I> * PKr~~I'ar~u.l<l13I) two( shifts

\M' !ii pit,.- it( GIN Ir IfiprI.'uls, t
f'IT1'i1otssk:I6011l~ * Plttnul~ 1)Ipp shifts

I NOl:
Ntfi Stk H i G~ SIM login.)L left

PPIG~scnsl(I'3I) P~IRIGiesnusfil:3I) 951.6 shiltls

\09? St.1 11, *1I11;GIN Iinrculw left
9't(M~m,.(IS31) PO~MWiwcusiI6:I).J ,W1 shirts

[NO,



GLII 2. 1 I x"111 snle 1 t.0.MlW Ft I3 N13 LnVl¶.sfOJ 1N P.," 16-.3

'Oll 1 iii-'c" ,I-nl, insP ir l,.rlo- i- i, rrrt urls~tst

SI? IN14, Ill , I l'ol .) haf

III Itwitel'In - s"is NEXI
-I .1111 (,IN

[IV (Pi- 3LJFIo I1 .11 I1 i
PIii MII 0,10 Ni Xl

PE'GWIcculCI,3l *PlPfG-lccusMfl31> ISO Jo
PPIC,IWitall1I * fIPtGkdltsllyl - 111<31i0) NEXT

Imloop
END

ENDi
\13.15 un'cinecunrc
\16 SCHi' OrGIN ishirt ard count half

schloon' 'REGIN
(IF thiris ECL 8 -) BAILDUT shh) NE01
(IF PPEFGWlsccusl(1E .)

PPEGIRIIlaeIy * IPPGWIteIln) 4 110110)l NEXT
shifts - (shifts P<40it) NEXT
PPIIGWI~crusl(163I) - MCtWlsrcus1<16i3l) ISL$ I NEXT

ENo
[NO;

\17 SCCHi. BEGIN Ishift tmrculor end coumt heir
scchloop-R EGIN

(IF shifts 101 0 *) BAMILlIT sN,) NEXT1
lIF PPutlarcusl(lB> u>

PKPtGWltallyl ( PPt~liltslly) n 11<3lt8)),
shifts * (shifts 1)(l4,A) NEXT
PPECWIlsccusl<l6:31) - PPtGlatccuslI<)6,31) WI NEXT28
s'chloop
END

\0. ir ur',psciunspstclunspeclunispsclunspoclunspsciuonpscbn~nspec

ENO 1sf shth InstructIon



r.yf IF x l'iI 01'Ci10I 'I~MII PD ." r h -FItI In31 LJDIat.-lI F.', 16 1

* I s I t u.. -or .,

TI . ni I Ir t,.¼i In' I. I i~ I II,'rIF~.i

Crif II (,IN r .1 -1 6I.u.

wonnlr I 1*111
-.pl.tcH NI'XT
1 -i33 - Irrtmn MIMfI% 0'IW.r.,32.0) WXY11
[F - ItnrvI33 COL01 NIXTi?
Or NOT (FfIV ONO NOI.rr33132)I

CMII.' (orIN ICcougo. @1go.1,01C half

prorily . I NEXT
t.or'I.ct, NIX?
ton,

33 
- trrctmI, MINWS PPIrWlarcual)(32i1) NEXT

I F ( ti w33 IO Il l NrX?
Ut * NOT EF AIND NOT torJ

3
(
32
)I

U. 1u^03<32)

L1U',- II[GIN 1corPar logical uinwr it.

*~nl Ii s or.trnd - NXT
IbytrswrcI - 0 NEXT
lcopretch NEXT
tf - (scm EQt PP~FrpWaccuml<24i1)II
OIF 4 loticlp GIP rPPFIWIccuml<2

4
1I31)I

*F laretwO LS IPPFW~accumI(24s31)l

Clii. I1(01W Irosvap-e logical Ioinr brte

pt-only * I a nveornom - I NEXT
bv~trselmct - I NEXT
boplortch WElT
LI * irtoip (01 PF~JCGWlxccr..1<2413l>1p
Of a brtmo GII: I'NErildrcuwlczli3l>T
IV * (iclogo LES PPICUIaccumI(Zi.1>lD

CLF. * (EcIN Icoog'.,. logical full

P.t-olr .- 11 V.trIqd I I 1411?
.,n.(nfvth NEXT

*. Irctnrr(lIl> MXI T'M(CWlPccum IIp
Oft * IrcbmpIIgiZ> (lTD PI'CIJIcci,.II
I F I Iarclo.p< l ,3> iSS PA3GhJImccu I
I NO)1

CIII1, * Ill G IN Inniu., . lttiital I'.lf..od

~~nnnlo~~ * Wnrtn I NIX
nI,-o

t 
i, h NITlX?

II I*- l.,clor'Il? I3? (01 PIEGI w.,,,gI( IBG,31 )1
01' Itrctinz.Ii%2i' GIP1 PI'FC1,1IoccumI(1l6t3Ni~
IF. (4r,1rWin(32> 15LSS hJm~,l<53)
rND.

(SF, I 11(1GI !EI.ip"rq ... l.yJ Full

*.iI1 , NI OI
T*Isin nil?> 11M41 twIisipil lot I'ilFFlglprtcual 1111 IlArktI'G~iI

11 F ~~lp(1 INTD W1SVPIIII166 IS PRtIEIW1accuaT 11111 MIAWtNI:EC

(fill - it GIN !E,,iWq o.I.". talf

.o .,.t ( I- Ii

I t 1 ' -I (Ie - torim I IS l FIX 1 W IttiWIl'Ii3

~~-%n.4;.1,W -, FIX,. x~ I .-



C'r I' ly C.''( 'IC IC .) I).[ 'n 1 ICfl 100.CC M P..'. 16-2

01 .1'r
t

r 7 iiV') Mn'. ' UC'C ra I151P
Iý -I II.., I C -l ,5C IC''. C pl .. CC.I ii' -I II,

Cl . 1,. (21.' lu Cs ', I(;C . ]I IC IC Sb

C, NFCW

- I- IC GI 'to,'e'-p qIjlq, I ij II. .1,31 )NX

\0 III IF I"

(~~mi Ifrc dt.up< NINC -)l d.1.IC.'cu.ICCIO NEYtti lNX
rFI51(C Cr'.dr;.HC N(1j32 iC11'pl> MAS ClAPEG E~ *
01' ((C t4,3 YPMiNPE~

SF * d.ttýp(iiIZ) L53 MAWR.u,

1, NO I

COGl. - IPIOI GC..'r ".Ced half

r"o.'iv - I P411

11.Pi-4i * M,'r~pCINUCS, P'PIOWfu-.",,I)Q2'0i> PKX
((MCOOLJ CI'lhuu.'¶O) NIO UIA'.C I MASO:RSO() *>

C If d.s t-p< I1.* dajtimP - (MINUS dimtl-pC(Zg)l PEXT
tr . Cdmllagu(Ir3?> [01. MASKREGH
OP7 * 64dt.vwiI32> UYp MinsP:PCOC
LE * IdmttmP<l,32) 155 PIASKPtGI

\i or..
I ND

MY141. 1ILOIN !Mc.IIfy and tirt hair

r-mondz * I j prinly - I NEXT
Ciujt'I#Irh NEIT

*ý acu. NrXl
(Ir arcu~l.oý .> (12O? ErFIWHY

dsl.I~.i - Csrct.,p - t3,')(3,"0> FIlX

CI) (NO) [F AND NIM dotti.zul6) i& rY1
JF uiu.r"IE,)0 RNxT
(-. * Wi(i~rC~I)PQ i!ECEP AND PuwPvi(t~l7 Nro eiI WiT
fir (:I P11CC 11C MI -) I- rI l.x - IC
IND,'



Ii ~ Tr 1 l,31 A' I' M-)tPC PrI P-J

,,o,'f1 ith i

I ND,

04. 1: GINlnlv 'hl
retwflof.q

-il - Ii ,~ l , S-1 'f -t,W p Ii n ~ej*I KAI

Icr,,lh MiXt
I'PCC.141.-r,,A.w(17d3) O rl.'l, ff PPC¶LfIarccuel'I6,3I)

PIP.- III GIN "'rn'Ict I or:~v p ful
*- ' I , ronly - I Kill

*~t~ PPE4Fec~cu.I Off .'ct..p1'3) 1(91
'.1w

Pt¾' ticr.rIN 'rprpat ryljUslup )r half
- ,- I' ,Iwvnlv - I WXY

di.,*PP[GimilaccumM6l,3l) OF -trrtw'll'32 PWl

tIP.- fI[GIN 'foctluslup or full
'r'1tfI*[ut

I l Isi clank' - Of natrgv - I, now.Vtdj I NEXT

I'I'I Pill s.). - 'Cct.W'I. 3z) 11W PPIGII~mccu..l

MIll. [It GIN (w.clusivs or halt
c ..sf iI-g,i
jnnnly I j, rfenly * S n-rw - Isi nosulond .. I W0L

PETr 111GIN 'cutdect *'clusvew r full
*fnd I; yank,' - I NEXT

-opipich NEXT
*ota f'PLG(GklcumI XIUO NEtpl3>MXT

(ND.

RIMl-' III GIN ore**c u~ec lull!

lý,';'Ie~h NJ XE

.II imp PP[GUI~ccusl<lB'3I1> OUR~ arci.wI7ALfl NEXT
lt f.n,

i. II 1GW I' 1,,d full

Itonrc * I' if..Iy - 0. 8'~ -om *1 r,*.twu~d . I MCXT

PPpfthI!.c~cu..V ANTIs~lY>W PptGWIstuc

uNit * i (" IN Nuvd 1'.lf

tw *, I s chnir Of8 nettrer, - I i no,.tond - I WCIT

W n'.~.PXT
I'5Iki(...~Ilf3P) arcapf?.3Z> PMC PPIt acWI.ccuw(Ib3l)

RN?. TOIGIN ''re.,4~ full
r-dr r1nnl- , I WTEI

dsalt,' PPCP4".tcu.l ftC srctimv(I3?) WCIT

- I .



GY* I?. I Y ()I I [wr"On] I Slu- IOU 23 F 2, 8 11, 30 W.) I retU- IOU) Pan

14) * I .I.N .rr A H.)
11 -i o Iy - I NtXT

I-lrPV I (W I. "~.IJII , 31) bN") Irl"?,lgv NEXT

I )

ssri FILGIN Ivlrttlvs subalituto fuji
r'.di I i prorul I NTXI
.-. plich NEXT
d'11.9 * )scimp(I;37> AND IJIT MWY$,VRG) MW

wsrrm~un WOMnIP NX
(NO

-EN u'.'



11,11 i II W)fli'el"LU Inc "31 IFt-I9I130 64Dl eOrYJ- 100 Pse 18-1

IF) nsrf'rt-t Or', -stutru I nns 6- 39

,Ph- * II G IN

-i-dlcrp * I NEXTT

fjrt~ -IrNX

POlI 1ILGIN
c.-~dr I NEXT
lIertetch NEXT
riot tm - arctist NEXT
bitriutrictusl - S NEXI
-Iw fe
END,

lSli' B[EGIN liwst bit end skip if zero
Prmod - I NEXT
hr,pfvtclr NEXT
(IF NOT biterelsccuel *) KC , (K 4 21<151f))
END'

ISO-. BEGIN linat bit arnd s4ip If one
r'modz - I NEXT
Ihorfetclr NEXT
fir 10tereloceumI .) PC - (PC 4 2)(166>1
ENE)t

1511. DXEIN Ilest end Conditionally insert/alip
*-d Is pr only . I NEXT

horfetch NEXT
I IF .rcteP ELt 0 *) PC - WE 4 Zi(ISO)T NEXT
desttr * lmirct~(I?i3Z> OR PRSWdIeccse)I~s3>)I NEXT
Wrth., NEXT
,((eddl * PC NEXT
ribs NEXT
Kt . (PC 4 Z)<lifl) NEXT lexente Iamother Instruction
fennute la tnd disallaw Interrupts
[NV'



LUV 1 . SFit I 11iiiCf."-O AIM 1~ InD 3 Ft -1 7B 11, 30 wt) IS.C ti-lI0O Ps9. 15-1

It-ro .. r.,% ur-fI nns

tIw'M." hi - ~ I, " i ifn- t rjrý n 1- oj- o

prrya opt, srtp 6.B

t
1
9.tr-o .hiftsn from th, shift inotrurhions is also used or-rn

~r.- UEGIN tFr-'.0 . mntut full

proply - It c(onips - gi notrep # Is troevtsod *I NEXT
hopiotch NEXT
1DEC31E opt -)
\8 dotter' PPEQW41sccusl tSPS shifts;
'.1 dotter' PPtGIICtmcuml 1PX shifts;
NZ dotter' * PPEWt.tcujmlIeX shifts;
\3 dott-P * G4 Ptflmccu.l ILt shifts
FNEXT

P'f'EWIdwsstl * td1sttmP'U.32) AiND IIASV.PECI

FEEN- RGOIN irormaet untkrod half

"romts - It cfonly Si nO trop - Is niestend & I NEX~T
hopfetch NEXT
to COEM opt o>
\.0 dr-timp * PPtflWaccuml(I6t31) 'SPO shifts;
\.1 d~otte - PPEQWloccumlQtB;3I) Ff1? shifts;
\.2 dotter' * PP~rrWlwncumtqRfi3I) ISL shifis;
\3 dotter' o P~tCW~vccual<16t31> FRI. shifts
NEXT

3FIFm 111101 IFo-mt insert full
rcsmetflmgoi
pr-only - It cfsnly o 01 notrop; * I) hooutrn~d I NEXT
hopfttch NEXT
IDEC31E opt *>

\A5 dostter 0 PPEflWloccusl ISRS shifts;
\.1 dotter * PPECWlasccusl IPX shift.;o
\72 disotop o tEOW161ecruml Milt shift';s
\.3 5tist- PPEGtJImcruml 151 shifts
iNEXT

PPEUiIdsstl - tPFFEWtdust) ITNO N0T rFASKREGi OR

FIN.- I11tOIN for-sat onyXs half

pr-oly - I j efonly * Os notrep - It nosotend * I NEXT
Fovrtrith NEXT
IDECODE opt -)
\Qt o~tttov PPFGW~accusl(IR,3I) ISPO shifts;
\.1 dotter. F'P[Eiila-.cc!um't,3I) IPP shifts;
\.2 dollo, p * PPF C~icUsktB.31 FSLC shifts;
\.3 dotter * f'EEtaccusell~tI~t) IRI ostoit

PPLtWIdestI(tS,31) * iPP(ChWtd.0tlJtS3t AiND NOT FtftSk'REO(1I&:3l)I
Ds Otdot.qr17.32) AND fitS&REVIO(1i3



GYP I". IYf'IVIII I wru'IeME P%))i 23 rI,-70 1i.3f WDl!,eCIJ-11W r.s" ze-i

rI II pii ) ('ipI F'X 21 1 FI[ . 0 NEI xFiAnifliE~ 1.-~o 1it!9
-41i -~ 1, p'-lrn- -*n. It'd - I X
i',',I,i0,R NiT! Tii,4 01--ed is posted to the Paw p.1.
iDLCDDE LC - ILE coss f-e the Indicator 'eOietar

ki)4iiISPPGE~IXP[0'400*30i(!l0>ICZ,7> - Ai' fees 1ink eptrucid
HIIRPASL!EI xPiLe'4iio31 p(11,0>) - erctvip(2?r32 NEXT
PLLPECI- hrSCPAOC1 IXiPL a '20) 0 Ii(0) NEXT

ill NOT %rctepcl? 0)
IDfCDOC Ai'tC0I1) *>reset stetus bit for ectlvo P.I.

'ii PS2IPPL(2;B)I 01S
\1 PSIIIPL(2,I>1 91S
Vi PS3IRPLQi$)W Si

1NEXT
(DECODE XPtLSI? ) 0 sot the status bit (OF 9-voetuIV. 0.3.
\05 PSIIXPL(2b>)) Ii
\1l PS2RXPL(2tr)I * I

\2 PE3IXPL(2S5)2 11I
\3 PS4IXPIJZiS)2 I
2NEXT

LLtI I It PILEEr -o It set p1I. le.C
APL XILt NEXT ocha.,9 P-1. to o'octttive
(OECODE C -) IL Is in tOe PLLIPO - Reed tHe mews registers
\0~ ileedaesio loedpter j LDCKPCAR * Sit
\1 ledes I oed4pcr; LOCkEPCAR - l);
\2 Iloedoe Is.ocar t LIXVPCAR - i
\3 Iooedr11i Reedi4pcmar LOCKPC$IP * 11

NDI

LNp



Mti111. 1 x!) "'I iCAV1)e(!U- 100 73 F 0, 70 11.30 WOIl!.eC tJ -lI0OD Pse ti- I

7ur. fi GIIdN !Cel) FReg, " le~vl andt lip).
I~ tr MCI (W1 tot 7) *)FEt . 4101 RTAHIOJI I..ec)I4XT

I" 1 *I -fnI a"- -lI 1o. -0ed * I NllXT
Ii(vcN! X I 'Thso, e1n.) t %i pus,.d to 0I. n 1.~.I

INEXT
'IDi CODE ertplS e nd hit of o,'ersnd detemine, celled P.1.

\ni n..p) Insr tIn '4 30(l)ll)IE .in PELLED
\l nn#') 63

1 NEXT
eet up PLLRpr of colled P1.I

lASrFPAr~rl(nrp..e * -0 n As00I(63>*ectep(l?.3)l
llnSlPrrOE(Iin.wi - '29) * lSA8P>(Z? * l.lxT
hir NOT .rcinme'i? -) IMU of operand dotesinee @latus of current P)..

WCurCC" erten 1 o) foest statue bit1
%.0 rSIIAPL(26>Il OfS
\.9 PSZIAPLC(M)I Sj
\.2 PS3IAPIA~iS>I * S
\.3 P541IAPt(Zr)I 0

I NEXT
mifrnoir n,,l(Or) f)eet statue 6it of new p1..
\6 PSIhoewpl(ZiS>I If

'1 PS?lnrcwpl<?1S>) * I
'2 PG31n~wPl~iili)I Is

\.3 P5llrnwpl(ziS)1 I
INEXT
fir srcterr<1U)) 2nd 119 *0 set queue rev, of celled p. I

132 * USfl5PiqGalf~ewpi a *?6) 4 '19I(I10M) NEXT
61tt32l~lrtttmpQZSi24l - I NEXT
BrisPpoGt (ew. *70 * 191(196)1 13M

I NEXT
ULi , 01 &LrI -S NEXT Ireset the level lock
actiIon NEXT Ifind a new rI. by wcttieul temp er

55)1 tmot be the called level)
PHI. .AP1LNEXT
AOIL - newt,) NEXT
PILPEG * HASERAGEIltnnwel 0 '703) 4 *lS1)'l111>) NEXT
(DECODCE C E
\60 tlned,-vqeI Inadner I LOCKPCAR 0 )1
\.1 fllsdreejel )nedipcorl LOt4.I'ECAP ~ii
'.2 tlne0h rfloaic I LOEI'PEAP - (Il
\.3 tlee&9 I louel4pcar t i0Ck.PE * 1)

ENI

-.--4 -D-



Gl~ uirx',Ix'lucnnnlimcm-lIvno 3-r,', M7 10 IV3) 'J*lspti-l o Poyw 72-1

IIII ("IIN iI' ICT 1. , ., .* P NI ... fliXT*qI NXT

(Inf ItIANJ It APnIj [(*7 IF -oi0tNdI XT1(1 ITX? ,c X
,14NJ I 1-1,-l Iitey

MILDIITIT LC *)Itt Ib in Indlcglor regi ster

IiL

I'LIP-J 9 aR5rPAOGElt~ne.l * '761 '1U11119i)> NEXT
PPL * APt. NEXT
lIT MNOT ,rrlep<I1a )

\) PSZIAPL<2u6>1 * Scj
NV PSXIAPt(2u6>I - Si

\3 PSlIuV'u29>I - a

I NOX?
I tt.tbOc ne.ewpI(OuI>a

NX PSIIriewpI(lefl)l * I

N? PztJnemq I(2.5)Ij * I

N3 PS'llneupI<21SXI - i

AM. * newpli
LIl - 11 PLLF - I NEXT last level lack,
IDILCaUL C 0)
NP Ileidegu Iacnr I LDCkPtAR * Coi
\I Iloedreqec Iead4ocmIl LDCIIPCM? * III
N? Xloos&Ol Icsdpc. I LOCKPCAP * Ole
NB Xam*SI Iasaodieew I IOCKPICM I* I I

INDC



~Y I Y. l 1i'i'(iCAsP0)iaEMU-I 1 Z .3-F,6-79 11-30 I ,CI¶.a10JlO Pen, Z3-1

11111. I N 17-0 rid comr- rtt rstsii
-mod, * I Ni XT
rIM I. MY e.nd- *) I vmols i;rlrdci

(SV * I NWXT porlati.0ti 'm.od 6 rtot el ~iinud
4,rrti

relot toe)
Inodircct

INEXT
ffN.ttO re0readw, GIR '3V 0 lMPer1 a"i asses

\1E93r Nt:DIN
livst for invalid ,rldrmss
1t1' irffadd GIR ir) AND Ieffdd WO '32) 0 sat lvi NXT
Pisr4 NIX? tread the operand
OACO! arcimp, #O01 6) tnfonosre epsi-and -
\PIOO BEGIN Mifld the first one. reset It and skip

twinctr - A NEXT
1137 * ertmp<tj32 NEXT

tqrlli-(trttWE hitt0ihtewclr(3,7)t e0
NoS iteinctr , limpkptr * 1I<7mg) NEXT trill,
Ui (PuRnwrarrusi - teprtrs

tbitt3Mmtpr~tr(3i7)) - S NEXT
dattep - t3Z NEXT
wrtw NEXT
PC - IPC 4 Zi(tInS10

I Itmed tqrlI
ENI lof rionosro special address operand

loure cprend - ptl. chaon,
\WLS BEGIN

iDECOCE AF't(Gil> 0 frsast APP stetus bit
%A PSIIAPL(ZtB)t - Si
~l PS2IAPL(2a6>V . Si

\7 P51C QS)

LLI - Si PLLP? - 5 NEXT
swasp IfinS another Preoras lava)
END lof tero special address oiperand

t)IOi lof specia addresses
\aTRar BEGIN foparenid *o"dass is lergmr than *8IF

rdu NEXT
lI IF retain NEB S 0)

BEGIN Inonsaro memory operanid
tepctr - 0I
t3Z - sr-ctep~liS NEXT
tqit reegoa th firat 'on*, sod skip
END tot nenoart edeary opearnd

I aend if
ir iwe get here. then the operarnd Is tree *easry and *S,
Which cauces a no~p.
END

LId~ o

Ehr 'o TOR.--



DVII- I. SPjA7IV 'W, .- IOill~ IFir) 73-f i,-71M 11 ,311 hJit1fM¶ Pr.. n-II

I I/D l,,ltfuil ions

*(IY r'--&:,l c l..< l7. l) 1

0EM.. IIEGIN IDeicet --med
rr~vrhl' NEXT
dt - 01
fnoetvtwd - I I noflags I I s pc-ony - I NEXT
forfetch NEXT
iod.vitield- ice) - co.emnd

'Timeout go iS us. dt - 1. basilout dev

DEX- ITXCIN IDevie commend end wetit
pc-tchi' NEXT
dlt - Si
noe-tend - Iiot nolegs *1 i pconly* I NEXT
hor~tech NEXT
Ioedvicreldsvice - teo-and NEXT
T71meout in 10 us. dl * I. baihlout dew
IDEEDDE fPlM(X -) freeset APL &tutus 6it
\0 PSIIAttd t.CW * 01
\1 PSZIWPU~iSl> - Sf
\2 PS3IAPL<?tt.)t * 01
\.3 Ps4tAPkaS>2 - 0
INEXT

w"RP rind a mew progrem level
ENDI

fTP.- REGIS Input to register - parity rheekto*g not implemented
Iprvrhli NEXT 1c- veinegd Inwtructient
'W 0 lper itp error bit

cit * Xl Itimeout bit
p-.coil y is
onenr-icci It
nitiflane * I NEXT
lcopfe-lch NEXT
tmpcir - S NEXT
PPEGWlwccusI 'l NE XT
tDECDDE Idnoics NECO 1) AND (devite SEQ 2) 0)

II

(IF pdtrqic EV ltIc * I 10.5u) NEXT or~

trr~pp

I NDi for itr Instructionc

&Xi. REGIS wouiput rros register
pi-rfrld NEXT pci-ileped insetruction

-~~~~c 0* Pi c-ooit* It meflasqe . I NEXT
linpliptch W XT
iDEEDDED d-1-ie GI 2 *
\0 T111015

lIE device Wt.1 0
"mnite- . wnitor UIP PPLOMlbccuwI~a

(If device tot. 2 ->
msonitor mosniter AIND NCT PflEDIllaccuwI)

ivioc-llrdwvlret s PPVEtl,1awccueI(S,7 NEXT
rtptirltdevicut PP10flW1,1acuwl(h.ISl) NEXT
opec-iId-vcty* PP101`11,1wcrusl(15i23 NEXT

I lend of decode



It7 I MI GIN IThis is a pre, 'e isitc ran in TYKIZ
44 NI )I I 'rF,, .g,,I - r 1 a* .1 1. -s yo -'fl i I .,,1 . 1%

uI a,. I(A4 , 0 W 1 OP rrInND cI. NiQ 04A)

MOA i' IIEtrIN lMemor~o ben, assignment -not Imple~meted

Iinut di tar I bed here

tOUr. IIIIN lived cail destInatIon
Spt incA,) NEXT
pt-only - I trmflagss I NEXT
I'npirtch NEXT
14irflo PAcE)I I APLwI js4X412a8,< II ,B 5C <0I5I S srcEtamp(z I 3Z)s
PLIl.PEGcflr IS> - snctsp(75:32)

110'' orGIN flanaI loc, set
aprivrhl NEXT
LII . IU PtL7E - I
ENDI

LL 1'II2N Le~vel leek, reset

rNal

020'' IlECIN 10iognoxe - not implemented
prvrhk, NExt
(OLCIOC eecum<2a3) *
\e PC ,opaddI
\2 unareel
N2 digoscd * opeddjBiIh>eaccum0uI)
\3 cvuioij opedd(1401)

CXI

'--on - - --- --- -- I



11Y 12. lIwi 721trf sl3 f1 7 t3 (.78 11 Tt 30 WDoIr',jU- 180 Po 76-I

-Th.! v (il of ris
ir:.. j '-t 01-1 rn f-r r.YVrl

-. d~ p-. ."ti ci r t -i Is l", lfurs
n,i-,ht -1- -.i' -- to 1nt ,0 -1u ro *st -'.0' lit rrnhiuia.wsi

f st [*iti IN 11 Inst Irt1 sdlt I.,

nvrotrhp NEXTmny NX

seft condit inns c-od.,
I'PGWimcrus) - dstt-p(1132>
END'

(C.'. l1taI N Irisnun, camPers
ts" 1f 4i,0 I
notrap - I i ruronin * I NEXT
.wttr(etch NEXT
(DECOOF urctaionI) ELt PPI75.,falccusf<) w>

LFs(X O ,rcims,(I> I

\xv, Isisttsp - IsrcIsp(lai> - PMEbwlsccuml) NEXT
Er - Idvlnmp(1i32> rot. ei wEXT
flf - INn? CF AND NOT cisttopdW NEXT
IF - dsttmp4I>I

fdv1- RFGhN frlouting divisionl

notrep - I i Pronlpi * I NIX?
.4401 itch NEXT
(IF src~pnr'~i32> ILt 11 0 DAILCXJI fdv) WNET
tI - PREUibIsvtusI(8) XXI! gvcimp(iS NEXT
Orf s.rctmWpU) - retimp - MINUS src~tmpol£3Z)I NEXT
iDCrUDL rPftGWIsiLCusMVQ> 0>
\p, tmnvXS PPEOWIaccusmIi
\m t"s33 MINUS! PPECM~srcusl
NEXT

slsttts' - (((pp.33 g %<!t) rrIsp(Ii32)I<U:S9) NEXT
(IF t 0I* ds~tsp -(MIPAi. SutImpl(31,S) NEXT
I upt ton4:1ilions codas

PPtfIilu41ccusi n dasitmpOcilD
ENDi

fmp;. nramI foant itig iult ipu

noise, - I i ptvnlp. * I NEXT
*.olt,feth NEXT
Il - tsrcntstiW XliP PPi:OW(srcirsIItl>i NXT
(IF mnciovuc) 0 s'c~tsp . MINUS. %rctsp(lrXZ)I NEXT
(DECODE PPLEUtsrrtmilC05 0

\p. tmnpfl PIILOWIsccusli
\mt t.1i33 *MINUS! PPLGtlIsrcusI
iNI XT

lrf It 0 Isp0!. (MIMIS Wip'~lI&iO ITM
-p rnn -dl ineis codes

'P1.GW!Iecrunl * t"riiVll IX)
S ND:

.inia I Isqol TX
wilir I i I csnp c 1, NIX!

dsttin' , PpErItIArsrusi a rcimpCI'32) NIX!
I pi comrd:?tins codes

I'P IGWlertuml , d~sttsp(Ii3/>
I Nbs



G 17 . I!,i' IT'I ff "l(toi 0 TO( M ~ *1 in"F 17nII IA D If itlljfmniItE Pm,. 27-1

tire Ituc I Ion lI Ici a, sor -t e..I*i t KyreIt

'110A.i PC M11IT

* i,, Nf i(IT

iir'tuc oh u eci~oo

;r-only - 0i Peveird - Si noirap * 0i
ririflaji I 0i norctrod M Si urcute 0 NEXT
(DECOOC oirnod. *>

"nopi NIIP no operation
Ifod I 'el '01 - 'OS19 f Ia fbetIng poInat opcoe&
Nai I 12 If
fdoi I0
fopl I lei

1 (46s t '0%;
moil 1 '09 nol is a undefined insiructiori
noil I '0?
Afrjf 1 *06 add full
sort, 1 '09 subtr aL full
Afiti Io .sr ad oia full
Sifi I I '(il subtract. logical full
iPt I I 'IC eultipip, full
DIr1 1 '10 divide full
RAf i I 'BCt replace add full

PYI I '(Wf r epl ace subtiact full
IIII I III) co mpare alg'.raici fII

CLUJ I '[I comlare logical upper brte
Gin I I '12 comparea logial- full
C~t 1 *13 compare Tinted full
CWti 1 '14 compare select ige full
lot i 1 16 inclusive or full
r or: I 1 14 erclu1sive or full
AMt I 1 *I? losial and full
ftfi 1 'IS format ec~tract full
FIFO 1 'ID Format insert full
Silt I I 'Ill shift full land doubilul
purt I 'InI replace square rost

7 7
l

5FIh I 'It Sri FIJIt in Hal (wrd
PIT; I *lb replace inclusive ior full
AttI I "IC. replace awoclusiva Or full
ANti I 'If reoplace logical Iind full
11)1 a I '20 Inod data full u~rd
LDUt 1 '71 load from upper byte
L'rIi I '22 load ab'soluter full
tCfi I '23 lnrdA two'a conplearimrt half
LIMli 1 '24 load moot half
SOut I "C' a tore Iint urnar- k11i

SO1 1'/16 store data full
"MI'tI I 'IV oeve all lerosee full
arts1 I '?a

'al IIZ

nnitII I'il
11011 1 '7
MIUi 'I miva into upperr byte
tori i 'I evuianas full

sr I '71 -1S Ort i va sui~at Itutr FullI
XI PO I 'Ii nroinntit iona tiristifer
vihit i '31Itransfeor on testl Switchies
xnri I '37' transfer ano zero accumulator

Opi I'31 transfer or, postve ar;cumulator

fl) I'34 c,,nfti onl (ienarisfen rd decreentri LOY I
ChIUi I 'It odiioa transiter and rincremet hi I

fi, I '.1r1 e'ecuia
1 '3? te-st h it and ski1p on S

CINi V I f II Devt.ice ommiandtmiead
liT ~ 1 '31 Input to reuister ipr ivvaleidl
IIII' I 'lIn rond it Icnal Hal t tuncondit lIoneal in thInia ispI
DI GI I '"III Diatnnoaw IPr iveageedi - iist Iwolerantad
IMP$ I 'JrCtallI eoeut itie Pt. and l ink
FIlO f '30) 11- f t a-id link
no,' i A
nainl I
[Llij 1 '40 level bit. resat
noli 1 '41
nodl 1 '4?
nail 1 '43
roil ' 44
nauil I 'Ii.
nail 1 'lb



GYP,1,I 1,1 l."10.!r(r''m MI lit)M 73 FO, 'H 11 -3S LAFI'-efrl IFID t'mw Z7-2

"P, . t" .,[i I Ihalf

.1Fr i,,11 I1.1 .r 1-- m 1 I-

' 41) .i J, t. I Ir S i~

pfls I 9IL ,alt onI. sdd half
IH lif rorlat orhtract half

Cmil ,. C o.;t t a~~rr 819.1h0ic Irlf
LLI s I %l racper- loiarrl lower byte
Cli Il 'S?7 trnamart ltin al half
CGlut -6A3 ,onroier ia

1 
ad half

CS141 ". 'Ii mnsasolca half
101411 1 'Wl Inclusive or hnalf
Mhit I ' ',G exclusiver or half

AiHii 1 -ii7 ba al nd H~alf
frili 1 "611 format extrafct half
r imt 1 '59 format averin' half
Swill: I 'SA ahift halfwarst
lQPIt 'txt teat andi conditionally friset/estlp
Pill I 'SC1 reset, bit in halfword
PlW I WS rplace Inclusive or bhal
PCHI I "St replace x-clnseive or half
PN~t I 'JF replace logical aend IK41l
LP~t I '60 load data halfworel

tliti. I 1 tit load from lower inc as
IfiHt I "1 loa )rd ateltahalf
ICl-t 1 '613 Roun~d two's cnnrnnirxmet half
51"i"l 'SI6 store most half

'B I I"Wt store Into lower byte
StSi I ItS 1' store data half
Mi'H 1 '07 Move all actrovss half

nailI I FIt

halt i6

MtiL I *6D move into lower lbite
rCXII I "E orochonqe half
Mlu: I5 mo wdif?, and test half
sI-It 1 '70l treamnfer sad l1int
XINt 1 *71 treauofar on inidicatoro
tWFIt I '?7 transfer on nonm-t-oar accumulator
51(1 1 ?73 traaafer on nasl toaie accumulator
Xl)?: I 074 conditional transferi rid decrement 6aY 2
Xl?: I *?5 conditional transfer antid Incremetnt lan 2
flolt 1 '78 te0 end ck~intitonelly n Iiert/ablp
pialt 1 '77 ttnt btt sadt 4t p on one

DFXt 1 '78 device command end ealwt tprlveleoedt
Oill~ I ' 'el mutriut frxm register
M111ilt I *?A memory beat~l asoigmimeot toot teplemeatedtl
ILLC I 1 711 level loch lsat Iseai-pc iveleaedt
I ;Pt I 17C call rrxerae, level arid llnt.
1. 1th I "M1 load cell desiatiFoa n too aeativeloagedl

NI NlX1
fIf aousite* tae los) reatmr t itwac If eoacote Instructtsn

[Not



I 3I I NC I .f J , IM. NL tI

I' IF nOT Pi II Iru -e )u~It

ttnr 0

NEX I ~ Nr

All - I N1 i T
M tI. PI HAnSE PAGE'IlIiuv PI *Z .I N d(1f)3(XT

3 Ii..Irsi I~~r LOCI7'AR * 11)

bt;Inidipt. j LCX.kPLA * I

0 NO 3

041 It .- Innp 1 i~..L-. rmlnt slp hun.

f*fit t41 W

-Itc NI 0
ivi lv.ech MIYT

I It troplog *> 'chect trop condit ion
"rehd - TPAI'NtO;

$NO

I orntt D

runt. IIt GIN
Ii MIFNT ottirhi k

I If PC. cul bnkrml k weal' I hontIrn.
opt~cq N41.0

nun

LN!)
I Iur. at "n.iz.
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U"p1 1F I i 1~ o.'Ior.n' s10) [M- 100 73 7.5b-7 I???7 C(-ioIRetpt II p.". I-1

I (iN ILI" 19 U~rPI S 1v 1 Sp

I Eli.~Ih lie lt ii. PITA1 If"7 rN 'U" 191('ie.

T1hree type; of instructionrs hove been left out of this, ISMI
I doc. Ip1 In of thre PUM19 I0. Ithey we 'IWI'tT-IJTPIJ1
I WItIII ArCM1JMLKATCIP. * IMtUT-DtJIM UI IHOU90 ACLC111k108¾.

ar-j 'C0C-?? 10 WITH ACCLfMLAAIUP' IFi!qore 3-2. Page 31-1l
I of the It(iI2 PUGLIDU NOVA1 COIIAWER CIP¶PATIDOt AND MtINTtLINiE".
1 I943t1. All the other 1/Il and interupi instructions hae" been
I included In this diocrlntion,
Ithe diecoding fur the *INPUT-EXJIPIJT is a bit master InI that the t'A

I Is tt-ttod prosetedlyito determine the instiructioni.

Iv 1.2 Sinqle prm'cision felnilng point rishuctions ipplesen1vle
I ani fied point. Ent ire INt'UT.OJTPUI section Ghenpynd from

I DULEC00~ to IF staetments with RAILGJte.

Iv I.D PIIM 1666 Ote-urte Mmosrsment Unit edeiKI3N end UId~S 7/I 3/?
I tpo, I i ar ithaint in. peIrt In I/01; Insir haee separste routines

IVt I.t NDiPIECTIIIN HAS 10 HE STARTED BY IWPCS)
I tI.;e Of ACICI WILL FIE IGN¶JPED It tthA-C.txI:LT IPC1RICIMWI IS POSSIBLE
I (ILL AICR PEISTIER IS IS BIT WIDE, MUDLE ZVIS. 118 IS IGNIUPED

I ~IF HLCE5SAPY
I nUll0 INcPEVtN~T ANtD DECREttkdY IS UNtA POSSIBLE INSIDE INDIRECT CHAIN.
I y131) 8/111?

Iv 1.6 Device I/0 end interrupt sequitnce added. 1520.
IV I.E CODE 77 1/0 WITH ACC MIGED

NOVA.
(IISTART PROLM ISOZTANfUTP-I9I
DECLARE

MACPC OLGIN i- I S
MACPK IND I. )£
MACPO INfR.Pt CiI.PiiE'I-E

Mpmnryl6.655'J6Jiiljt a I lpM emory
t'(X0 IlSn) I'Prores, Counter
MG)PtIh'ii) iteeory Date Riegister
ACI013Ir00Sif lAccuomioator Set
AM 0,.OIS> isfCIOttI<0Ii hflcumulator B
ACIItiISt isfCIIIIt;L~i iftccoauletor I
AC?1e~i IS> i- ACI2I<0iIS~i iAccumuiletor 2
AC38I6 of aýI ACI3Ic0iIS>i Iilr.cumhu Iat or 3
SP'tn IS>; IStACK PCIINITER

SIAJLJSI'T 110i Silatlom Of the ctOtetVI

11114,0 >, !,OI MUS, 'p 11-,hIlqInirhig nirip sequences ON4
UVA((Ii'iSIATIlS1Z)t (~terr'nu. bit
CAPP(l0*ui.STATUS(3nj terry bit

EtI)isTATSCIIi ifo-piside Memory,
511`113<0) i*STAIUSCS)t iEPECUTIfl VWE

CP~UT Or- 3 IS);I It04pI.A- PANE. DATA LIGH(IS
I 15)0E !S~ INI IJPALI MASK

SW 11 CH i(4 I S) lEONS0LE SWITCHES

TOPi-.Nfl. or,0> fi f, Ne nrc
1II'itt top - , 1! i~IR'rPVP A(IOPISS PIGISTEP returns value

I 1I'I¶TPit. IS)$ IIO'P 1111> ieery Daist REGISTER transfers
Iomluo to or from Memnry.

trrr~frn~erdl.S); Ilenper-y borro, at '~rot of Shifts
IMI'.SilIrTIF R)( 116).

1
s's buffer ml input

o
T
f Nii toot/id no. Switch

I~li~l I/l, IS i IIt"'upy PtlLIS11tO sit
lIMII'I . Mi,")i TI lW'1A PtQISI[P al
TMi'IOUi3 F Pt Gk 0.ii1'1 ITIMPW'WY 0110%1 Pt LISTENR
TI'hEl".iLýOl i TtlO'tWPT SIGN 1(8DIR
ltISISN'.tt:1)i (I Ititon SIGN WILDER
TtliPINDIPICIttT()i 'Saem indirect bit eudlS 7/1/"1

T O, 0T 31 Ž
TI) I * P i>



Ufl 1 ITS" (XýjA ')(.CPU- tO0 73 rFb6 ?i I ZUZ tPf.CLJ- IUD Paew 1-Z

0'I vtr TI r.isTrps

tAF V. 114"! 1.10: 1, ."[HAf'!! ff- INPUTI
DEVDU IPl.Q<Oi IS)# IDESTINATION FR~ OUTPUT
DFV.NLJMO[IPCAH~ IDEVICE NLImER crF ur7PKII'Nrj DEVICE
DEV.EII(DiT IS>i !INTER~RUT BIT FEP EACH BIT IN MASK WORD

!SETr CAUSES INTLPPIPI IF NOT mASKED

I PESOIPCE MfiNAGEMENI

MSP<A. IS0 I MA STATUS REGISTER
XtITOCCA MSiP(O); I USER MOKIQ CExtC MTODE COW)
Awt.M(> .. MSP<Ifl I EXEC EXPANDED PKCIRY
tW7MC. aAP<Z)p I USER EXPANDED MEMORY

XM0 MSP<31 1 (EXEC DATA MA
IUrIC> ) . TtP(4)r 1 USER DATA MAP
DM41> i' MSP<S>i I DMA w
PC) a. p61 1S ' I USER P/U/EXECUTE PACE PROTECTION
00> *.MSP<7>; I DtrERIINOIRECTI PROTECTION
IC00 a flP<9)( 1 I/0 PROTECTION
DP<> MsRC<91 1 DMA PPROTECTION

I a.MSR<loa 1221 I RESERVED
IISER(2rB>1.MSP<l3rIS)) 1 USER OP LAST ACTIVE USLRTZ.7I

MVP<Ba1S5ýa IMAP VIOLAT ION PEOIST'R
DMPC<> I- PVP<OW I DMA PROTECTION ORR13R
(Pro t. lVP<I >s I EXEC PROTECTION ERROR
PPE<> a. MVPC2>i I READ PVOTECTION EXPEW
WPEC) i. MVPCI>I I WRITE PPOTECT 112 ERROR
OPIE <> i. MVR<4>i I DEFER PROTECTION ERROR
loPEd f. MVwc5n 1 110 PROTECTION ERROR
PApEC I. MUR<GS> I PPIVEL[EOC INST PROTECTIlON ERROR
SCPEC> a. MVQ.<7n 1 VIOLAT ION DECUPED WDUING SINGLE ELYtE OP

I- I'NRý9rI2)1 I RESERVED
VUSIERCZ.B).-MrRCIB. (S) I LAST ACTIVE USER

ItuPRCIBOS1II<Oi IS>, IMIMORT MAP REGISTER

MSICs IMAP SING.LE INSTRUTION
MSOO,1 IlAP SINGLE DATA
OATPEF<)i IDATA RIE~I'EPECE
TEMP ICISt0>f
IETIPZ< IS IT )
TEMP3CISIO>1
NMAP(Z.0)i
PIIYAOPCTI. ID)
TRAP. INDtX<S B>t
IJIPT.REALt- 'VIPTUtL TO PEAL ADiRS TRANSLATION

BEGIN
tDECODC xMITE a>

NMAPCZ0. 11 EIXECUTIVE MAP
YWIAPC?' USER'.O) 1UStR MAP

I NEXT
fIl 1111 TUP MT50) AND DItTRFF*

NTT2ARQA * EnER(2i) NEXT
MSD - 63 NWx 115 eS

1 NEXT

*TIW'ICA(G'IS)i
SI P~l~nO~cA IS.' I Ib'RO NMRV(c,8>uv4'IMPADV($, 5))(8.8) )<6, IS>

* TTWAOR(G' IS>

REAOMenryt* I Fill TIIIPIT)R Will, daet.o ir Memory Iocutie., TIPAO.
OEGIN

TMPTITWCAIT., * T~yWM(YIDIIYVVA, 15:1<0, DIS>

INOGI

NTI' IN GIN
T1',.MTCWp - ?MW.NU.Op
WIND



UO Is1. huH[ K7I({A(M' Ismt- 100 Z3F*FL- 79 32,2? 1 KCf MUO-CIJ1W Paes 3-3

III GIN
tI5 1' OP Isea In,91 struct- 0ns hId 6* traPoed

P. ATA,
fit GIN
TlIlPtF - I (PLT
PtnD.NI¶IOPY NEXT
TAIAREF 0
rNo

W.* DATA%.
IIIN

IIATPEF I NEXT
dPI I. MCFVPT NEXT
DATPEr -
tIEDi

F INC P 0ECCR lM aaar y
I N CR. I, LC R Memor
I NEC. D LCR. Memor

3NCP.DLCRMrwory*- I »)Do the AUUINCWPCTENT or WUTOECRMEPNT
is? the secla mleesory locations.

I(ISTAPI7 INCIP.DECIPMreory

(DECODE IIIPWP(1Z) *> Dmcrqemnf*i03 or Increeertl.I1)
tlI`MPIDP<Cg I5'>tIIMW1WS,IiSE> 4 I3(SiO>Ii

)NrXU ![TNO DECODE MPWAOR(I2)
(1*1 YE. Mimory)

WIEND INCR.DVCRpflflmry
IA 0 R r t T C H Uses Veariables 1?WTPCDRiIE), IMFADR(Si IS)O. EM(S).
to 0 r E I C H Uses Poutinse RtOMeeorp. INCR.KCR. Manor V.
IA D R r E T C H

ADP.FCTCHt* 1>))Tel~ core of multiple Indlirection, Meturn address
I.>> of data ts be fetched,

(ISTART VAffETCH

(if T(ITAWAOPC CCL 11 AND IMTN() EtL fll *) flndirect?

LOO'lI t PFAO. Memory )NFXT
I YITMPINIpECTT1rs,(e,)NFKT Ilas% indirect bit

Is.e r' 2-3 'How ts Use the None Computers* Rev. 09, 1974 GWSl 7/1/0?
(IF ITMPAOP(I,19 EU.. IT

Ise this arn Incresneni or Decrement Memory local Isp
7

IINCPDCCP.Plemoril TIES
INExt !ENo IF T(WIMPALOill) E0.L 11
TJFFAURCO lE>.TMPMPTVOi15>31(XT
(If (IF M1INDIPTCT EU- 1) *0 thore Indirectien?

TICIC LIXPI

)END IF TFWPAD(S) Eat

WENDO ATIPJTECH

0A 0 P S E I U P Uses Variebles ?tPIFStl%), tMIVAU(StIS)

TA 0) P , r T U] P Uses No Routines
TA 0 P . E T U P

PDR. SFIIJ't, Ifl)or multiple Indirectlon.

IDCTOCPP'S?).1) IDscsde 1p.M.. F~ged

I ItTell"< 0 ls)-moY(9 IS))ltx

I (IFV'(W(IPlS).901. 1 )11(>



(lvii 19, (Sr IIi Jof2(Wlo(.?I-1140 2O 3 7.1,-713 j1,2? CflflWefMUJ- 100 Pw I-I

(I ¶MAPo'T I7A. '7 , F
INFXT 'iN?) 11 IMDP'5) Et 1)

I I'PIiDPýc I r ISOhP,.Q IS.) )illI
(If iilOPcBy C. 1) *)

( ~iTiPDR<0?).'FF)
)NEXT! (ND IF (904CC rot. it
(TMPADBPlSti5-ACZCOiIS) * 1(WAOR(OilS>t<l5,S))

Hi10. Jmdew With, Ar2 Addrepssing (with sir erteption)
I ilMPAOP(215>-MVR(9,lS>)(E~l

tiT lO tTE1t LQL 1)U

)NE XT (((C IF (MP<O>(Sol 1g )
I1MPfCR(OulS>.iAC3(@i IS> * IPOCI4I,~

(ill. index with AC3 Addressing. (with sign extmntien)
(NEXT IENO DECODE TVP<St7>
(If? MOP'S> ) .>ilederectien?

IFr IT1PMi'AS(,l) [Ci 1) *> Il, this eon leteeuitt
(te Dscreeent Msemry leaist ion

I(INEP.OKCR,Meemoryl (YES
)NEXT !END IF 1ITIADP(S1l0) E91. 1)
(?TVAWOPi lS>'TPMDR(eiS Ii (NCT
(AD .PCT CH)

)!END IF MWA(S)
I END AUP.SE TUF

IS K I P Uses tierialhies itACI1ilS>. TiW'.114.01"4d>
I rce iI5>i TT,15*IFTERCRiV1.

IS K I P Uses NO Routines.
IS K I P

5(114:. In)> Needles the Skip operetionsi opsiied by the SKIP field

(ISTART skip1

(DECODE mOAC3111s) s> !S1ip (iel4

Ii 000. Never Ship
I (K(SuS>is PC<S 15> 4 ZidS510)i

)I INS-1 Skip oclays
I (DECDOE (IMP.SHI7IFEP<O> [9i 9) *>

4 PCKCIS>iPC<0,Ih> * WI)lS:6>(i
iKt(0,IS>-i'(8:l5>W 4 ?)IlSaS>1

)IEN DEEDE 010. Ship if Cwrp * .
I iDECOMt iTMi'.SHiltfIP( W (09) *)

iPUCO (SIiVtsC: ) * I <T50)iO I
IPC<OtlS>'(PCCII~5> *2(5>

ui rwo Dwcooc
ii 14(1 Skip if L trp NUT 111

IiDtCOOE (?iWSIiIFltP(lil6) E911 0i -)

('[NO DCCEDE
:I Ii) Sip it Result. 5,

( DECODE I 37*'.1SN1IEP0.1i 6I) WOO C) *0

(iEN, DE CODE

r wetoor iIT7 .SH(FTER'0) EU. Si (

IPCCQ lS>'iPC<"Il 5> * Il<IlSS>(i
i('C(Ci 5>.iC(PeI6,() 4 t((Isuil)i

3,2ND DFOCIXI
TIS 1(0- Skip if Carpy OR Result. 0.

I DiCMor 1II (W'SNIFT[RUP)ki N1. ME)AN
(IMP.SuI(T(R'Itii> W 0 Sit->

iPt(0,(5>.IPC(9,IS> * i(SS(
iPC(0,iS5uiP(6IEI> * 2R(15IO>

ilEND DECODE
fill- Ship it Cerry SeC suli. (CT1:1 0.

I'(MEI WrACEK MDR(l. Ir.)

(,pIND SOAP

'N 0 L U A D L TI A 01 Uses tierimblem (XIROOj) CAPY(g>,
I TPN'P.SiIFIPT(NI.@I) . IUI~

I N 3] L Li A DI) n. nT D) 0 s NO Rout ines,
IN 0 L 0 A D 1 0 A4 D



NO[ Ui[tD.tLtOD. i )>) toed tI~z octiratiomto mr.e Carry If true.

(IMR ( 1VPl~ fOL 0 0> Do we loedr

ICAPPYus WIM.6HIirTEP'S0 lYts

uItNO IF MDc<IZ ELot S

)i I'NO NIX C1AO.LCW

IS H I F Uses Variables Pvtf(9t9> 7M.S~tirTmPei Is
I tm.pfctn'qPtVStIS>

IS It 1 F I Uses NO Routin~es
is 14 1 F 7

SHIrT.. 0»> Tel.. care or shift Jokormirlwd by shift ap-tods ISM)

)I 1flITI SHIFT

( (IMP.S r<it>.e'.fptIt.1>

)I 101.SHIrT left I poeesitlo

)I 10SHIFSilY right. I posltsitio
t (ItlP.SHIFTER.<>step.fctrs~optAO>)I

t11W',SHI4TER<9tI6).tmp~fttn.optd Ul>)j
(IMP.SI1.SiJt bytes er.t Pete Cuof

)ILND DECODE tve.8t9

II 11N0 SHIFT

1A N 0D Uses Variable% tsm..fcttsoPt<B06). CARRYýV>

IA N D D Uses NO Routilnes,
IA " 0 0

ANCO, 1WI» AND Source and Destinattion.
I)) Pass menwer end Carry bit to Shifter

(ISTAP? ANDO

IA D 0 Uses NO Rout Ines.
IA 0 0

Awl. 0))) AMD the Sotires to the Destination and
0))> 1"#. coe. of Cerry sod DA.f bits. Mael.
0))> the result oveilstIe to Shifter.

ittop.# t t,r opt mO 16), PIIPTIV.o is) TtW'IPIVIIIIIS)INWT
fit ifI(I'PPTS1f) tgL IMPIPEV1>1ANIfD)

i'IMPO'Gee) Mitp ItoLtlis
Iflvr.h).-I) I ells Care ofP Overflow

[NI.NU Ir
tDCEflxtimlp. ftto-upt<11) 0> Tel, core of the Carry. bit,

(tsp. Pctoopt W0(A).LPPY(P)iI

I!EN ctU pttt. NUTODI IttrtPt-opt( t

is U a Y v C T Uses Ys. shles IpPcItin.opt(eutS). PCiU13l(6 I.



uyi 1. IV x~I lC PUM I CiU- 100 73-F&I-7e IZ.?? LnoflO.cl1-loo p. i-St

1 11P<Iii), LflPl.Y<B>. "(M9). TfllP'lUirIb). i(O,>

ISU U n I P t ssN -iis

SI~iflP~fl.T0))Y t~i 11I i. -- , *... 1 It,, D..iina.1In
0)> and In". ewe at Owe Carry bIt, 1`414

1>)> the result available to the Shifter,

itmnpifttn~pt<O@I6)(ITMPlR[Ge~ilS> 4

(IF IMPREC rN O IMPIiREP.EO Si) AN

(IMPOPIEGO) 1101 tap tctn,apt<I))).>
It1Vt<O>.lI Ilabe Lore of DI~erflew

)IFIND If
IDICOOC tmp.fcim'Dpt(@) . Toeiw care of Carrie bit.

(tm;,,ict,,,opt<D>- NOT (CAPRY(O)II
)IEND DECODE Amng,fttm-opt(O)

IA D D C 0 M1 P L. ~t M E 4 Un., Variables tap.1'th.apt(GOVS,
1 CllIiI3(0tlS>, rim2(111). CFiPRYCS>.
I VWS>. IMPORIEGOOP. II), 1515C(Ii IS

IA D D C 0 Mt P L E M 1E N T Uses No Routines.
IA D 0C 0M PL EM EN I

ADOCOMI9LELMENTis 0I>) Comaplemenit the Source then
0)) Add It. to the 019stinetioi andl
0)~) mete it avsIloble to the Shifter.
0)>) Alaso tale caso tit the Corry eosd UIorltlsl4

1 ISTARI ADDOMiPLEMEINT

(TMPIAEG(Oi IS)4iCIMDR?<3i4>l(Sii S)NXT
tmr1.1Ctn~opt(AilI6). NOT t'ttREOPIEVlS>Il) 4 THUIR11<91S IS NEWT
(IF 111IMPOPEG<6) NEC TPIPIREGYO)l AND

lIrND It
I DECDDE tmpt(ctnsapt(V) 1104 ltwo ofr the Corry bit.

(tmp ftnt.opt0>-CAPRYC>) i
1tmp3.tctniept4S>. NOT(CARRY<9)Il

tIENOD OCIXOC twp.fctn.opt<9>

I Ii RD tlDUtCiiIL tMit MY

11 N t P C MiE N I Utt Ys ao r 1w ae tosp. ttdnopt<0 IS>, ACtOI 3)(91 IM.

fIi N I: 0 C Ml C PI 7 Upe. Nnl Routines.
11 NE CRt M E N T

liiNrmENT. I>)> Ins-emeptnt tiem tout-to. end posa It end
S)`>) tisa resultant terry to the Shifter.

IBISrPI INcPiIILNI

I MVl'.ftn~lefi 110-C MOP< IPit> 10i 15>41 NEC

lrt I1M PtLOII IS) (Ct. 1017?71.) 1ill en Dier-Flosa occurs?

II V It~lD I Ti!I1(li IranL fl7

(DrtCnDE tsnpfctnmost<9> I)lTe core ot th Corry. bit,

ltsp~ttnsTt~i?.NOT ftlRPY(P)it

I II[t 0:DtfX( lets. tolneopt(S)

IlI ND INrPt~ilNt

I t 0 iJ t UseeUs %)imblee tes(tCplSI Anty(S).

I I IM01. U696 No Routines.
I MOU VI

1MlIA. 0))~ Move the Sourte end Corry to the Shifter.



UYviO. isPiWIflAflpisotiPOm Z3-rU7S izv CAOýNCMti-10 pass 1-7

(ISIAPT MOVE

lI'III NO M'VEI

IN E G A T 1E Uses Verieobles impfctn opt(Oi 1lS. ACIiiICQ1ilIS).
I MIJPCIZ), CAPRI(O). OVFi(S), 1MPOfiEO61S).

IN E 6 A I E Uses NO Routines.
IN E 6 A T E

NEGATE i I )) Negate the source end put in tep~fetnept

(ISTAPT NEGATE

I IIPOPCGCl6)J%-ACIItM004 zie? IS>iNEXT
ttmpfc~~cp~ifIS>-( NOT iTMPVPtGC0uS>I) 4 IINCXT

Iar (MMIOPEGSIC> EOL '1006$10000000000810 Will we of( en overflow?
(O"W -11) lye$

W END IF
fIr.COOE tomp-fetc.opt(O> 1) Ise care of the Carry hit.-

(tsp. fctm apti(S)-CAPRT(S)Ii
(tmp fctr,.opt(O>- NOT (CVAhY<B)I)

WEND NEGATE

IC C M1 P L C Mt I N I Uoses Variables tmppctn~oPt<OiIB). ACHtitlC2alS).
t ltR<HZ>. CPPPY(3).

IC 0 M PLC ElMt N I Uses NO Rfoutines.
IC 0 N P L I Mt It N I

CCXITLEMEN~i' M>) Complement the Source end tout tie
M)) result end t00 Carry hit at the
I0)) Input of the Shifter.

(ISTAPT COMPLEMENT

tompf ctn. D00'5111CAP.RY<S)U( NO! (ACifthif(I2)l(SiIS10)I

WiEND COMPLEMENT

IC A P if V I E I U P Uses Variables MDt(lIdil> TNPO.C1(S>. CANINT(Q.
IC: A P Is Y S r I U I' Uses NO Routines.
IC A N if Y S 1 1 U P

CAPRY.SETI~is 1>>> Imitlalise the Carr,' hit.

C SlAP! C1PRTY.SETIP

DEEDL2EC M(IDAlD14) 0' IDeode set up optionso.
iNflpi ISOLesue me Is.
IC(qpPY(lI>.Sii lot-Clowr Initially.

oCAPv(srmuu NOT iCAPY1?(O)i1 III'Complrsment Its present vmlue.
HIND) DtCOOC IIOPUAil)

lIC Nt CnPPYS9F.TIJP

I SOME OF THOSE PESOURCE MNWCCNENI INSTRUCTIONS

PUSIiSTACh.FIEGTN !MJU4 IMPMVP ONTO STACK
IMT'ADP - ISF - tI )KV0) WIXT
SP' - IMPADR NEXT
(DtC0dE TflPAO(W INW L55 Y420 e
\P WRI#1l.tiItP.Yi
\1 11i WNl

1ICNeAiU.P TMPWIO.Pi IMrADRt-o4 NEXT
WPIIE.MCIIUPY NEXT
IPV'ADIPP-miS NEXT

t'Ci)1Mt'tWW011 NEXT

HAIL)UJI lim(

END

flYSIlP~t,.AEIN IF'5fI[ TRnP SMAtIEE

, t PIP * I A I~

-- **~~~ - ...- M J1 . 4~4'~~-SP



Uyp 151. 1 wIS x I (tAtnAOI IC N. -790 F zau t(W.N3 12.2?-

TEMPT - 54 NLI4T
I I P NOT XP%1 -)

YMO * I .SxrT) I i XCT)C - B NLT?
1MiOlI - 3 NITI
PS A! MJ NPY WI T
I7M * I IlINfA * 41050>o NEXT

SP - TTT'MDP NEXT
1115405 - (TIWTDP 4 lICE'S,> NEXT
PEXOMIPMOPS NEXT

IMPM-SP T EMP2 EXT
511511 STACYk NEXT?
TI'T'I10 - 11552 NEXT
PLISN4TACE NEXT
IMPMDP - TEMPI NEli
PUSH.$TAVIC NEXT
111SMOP] - PC NETM
511554.STACk NEXT
1MPfIDP. S NEXT
PrAO SLUlPY NEXT
I'Lski. sTACk NEXT
1557405 * 2 NEXT
PEXTOMEMOPY NEXT
IMPADTP - lIMPICA # TRAP, INPCET(UIIStO NEXT
PEAO.MEMGP.Y NEXT
155'S-SP - TMPMT)P NEXT
VIIJT..ETCH- NEXT

END.

CKPP~i. BEGIN
IF )1tC 0

PME -I NEXT
i~iS. INDEX - Z NEXT
9157W'A NEXT
BAILOUT ARITI-*CTICCP-LOOIC

ENDi

lRMAP-. OEGIN
CkPOV NEXT
'rHPI - AME~ TEMP2 * AMh 19'S-OS - Ot NEXT
(DECODE lTMPTcs CS)

(6511XJTWPMAPI
I NEXT?

husnPIi-dIr TEMP2 GlIP 0 0
PEAD.PtMOPY NEXT
IiRV'EOITE~I~lse)I TI9PMP NEXT
TEW'ADO * MPACEE * 11(15> I
IEIEPI * EXMPT 4 EE(IU.0) I
TEMP2 (TEMP2 - 11<114> NEXT
IERMAPI

END'

RDMAP. n (AlN A17AD MSP FILE

TtMPI - AMS TEMP." - ACI I TIMPW - ACZ NEXT

TEMPT - TEMPl<iOT'B4 * TEMPICI5tIS>i

I NEXT
Rmownrj,.rejuiz fliP a *

TMPMDRU * 57551 St TEWI(6S)l NEXT
WPITE.ttNEWY NEXT
TMI'S5O - ITMPFOP 4 T)ISI@i> I
T[Wh TEWI TEMP 4l<irS>I

TEMIZ ITEMI' - 1iXIES> NEXT

EWJPWPi' INlGIN 'WRITE SINGLE WIWO
7.115EV NEXT
TSSPPEO.XEII NEXT

END'

SDWED' - Of GIN TErAS SINGLE WTWV
IT'kPV NEXTI
I Pif'IELG. MET WIT)
ACT'Ci IS) SSRGITTE(RS'4T~SGS)(SISS
ENDi



tisi it9. I!W I E,'lPCrfnI flar1¶i- IM z13-r.b- 78 I2Z7f EIWN'.Cmt-180 Page, I-9

WM1!P'. In fitN I.'L MW' STATUS PICISTEP

ill" - ACtII9p'3, 4)j,(7)i
MW, 4, 1 S> (A I MOP3J.4 ) 14, IS) Nt KT
MUP. I3,15) M!P(S) IX)

PMIIPi. IlIQIN IPEN) Mr$' STATUS PEQISIEP
CIIPUV NtAT
ACLII'VP(34))kBIS) - rISP(OI6)
END'

Ptmvpi nLSIN PREW MAP YIOAIJITN PEGISTER
CrPIPV NEXT
AC1MDP(3i4)I(tISI> - MIJP(i I)

CITiJP. BEGIN ICLAt MAP VIOLATION PEOIST(N

COlMAi MEIN ClWAR DMAE VIOLATION
CE.PPYJ NEXT
mYASo) . a

PLArt- WITIN IPLrC LAST ADOPESS FILE
CYPQ'J NEXT
NOT'

(TIV'i-i IKOIN ENABLE EXECUTIVE DAIR IMAP

XMOD * I I 5X!C - I j XMOC S
r NDi

DXMAT'i. IhNjIN IDISADLE EXECUTIVE DATA MAP
EEPPV N(XT
TrIO , S 1 STt - S 1 KItEC . I
END'

MAPSh.- MIIIN IMAP SINGLE INSTRUCTION
EVI'PV NEXT
HSI -. I NEXT
FIAILIIUT JEXEC

MAPIDi. IRGIUN 1MAP SINGAt DATA
(EMPRY NEXT
MW - I NEXT
IIAILWUT ]EXEC

RASTi' ITll IN PR~nO PIT)I( MLMIWT CHASSIS STATUS

NIX'

UJMiI' (IEGIN ECXECUTIVE TO USER JUMP'
ErI'PV NEXT

I'm & LAM I
ITUSI,?) * S 1
I'C(LT IS) - AC1TIP(314))(@0IS>

ELM] ITTGIN IEXIEUTItAIn TO 17 USIA b CN
(EMPlY NI XT
TMPAIW<II Iii) * nte'o, IS) PTT
PTAO.T1IMOPY NEXT

Iltol s TMT'MDP41 IS) NET!
TMI'An)cp j5l) * ITMPI'i1j4O 15> 4 W15<I05 NETk
PE.AD.MT~mOPT NEXT
fl`(Milt,) -THMI)P'MIWiLI> NEXT
TAPIIOPn'Ap) -i * ITPAI'AOXTIT * 1)16@ NhS>XT
PI AD. MIMImoY N TXTI
IISP(0L?5 ITO MIIWITII) TE~XT
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SIPUNCPtJ.- I iDECOOC 110140> [704 '110 ISPUN CPU Sip if Interrupt enslIsd

I PCe0t0:S..IPEC0:lj # 2)(1610:)

iIEND DECODE (1094(0) EcL 'I)

II

II

!LEND DICOOL 1I09410) CDI 'I)
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Trhis s6tUd> WM; Undertaken to determine thc ielative ef ficienc~y of the following
a r c h iltier es:

UYK-7
UYK- 19
LJYK-20
GYK- 12

AYQ-21 (POP-Il)

It is, part of the &ec end phatse Of A Study being c ondiucted under the Ar my/Niivy
Miilit ary Compe)Ll or FamiIly (kACF) program to determine the relative life cycle cost of
Ar my/Navy, cormputer baned systcmu as a function of computer architecture. In Phase
I Of this, study, an) Army/Navy Computer Family Architecture (CrA) committee
rucomendled, in) Augusit 1976, t hat the PD1P-I archilCctUre be adopted as a future
standard milit ary comp~uter architecture. The other four architectures are the ones in
Mostd COMMOn Use today in Arrmy/Navy compuLter applicalions.

From a not of IGO test programs (16 differont algorithms) written by 16
different programmers We foundI:

Execu~tion Efficien~cy
Proaurmnt Size kWemory Processor

(S mriasurv) (M measure) (FZ meiasure)

POP-i 11 (0.82) UYK-20 (0.73) UYK-20 (0.77)
UYK-20 (0,89)
UYK--19 (0.93) POP- 11 (0.88) GYK-12 (0.96)

-YK-12 (0.96) PDP- II ( 1.03)
GYK-12 (1.14) UYK-7 (1.12)

UYK-7 (1.38)

In aChCI coIlumn1 the fiveý arc)hitctUres are ranked according to performance in that
parti(Aular measture. 1 he S me asur e is a menasure of rekltivo program size, M measures
the relative numiber of memory accus!-eos used and R rieasures the relative number of
CP(J operations, needed. The architectures are clustcrec inito group)' tbafed onl gops, in
performnanc e which were statistically significant at a practical level 0ie, the gapsi in
performance were si atisticahly dignificant at the 9511L confidence level), 1 he nuJmberS in
parenthesýis give the avvragi' performance for an arc-hitect Lire in thi5 StI~dy. For
examiple, a machine wit I anl 5 meas~ure of OTT0 would require only 80% of the memory
required by the average of thpese machines (20?7 less than average), while one with an
S rmeasure of 1,503 would require bO/ more momory than thea average.



The question of, hie relati\'r costl otlc'ct'r sot of teveral diffcerent conm uierst- in)
thIIe ut, ni . flplli~atiol liar. tradlitionally been answered by the L1-E? of benchlmark
p rc arom P Oeuld On 1110 c andild1? 111machii ncs, Ih N5 tOCc hnlique unforl Lin ite'ly (o 01fo Mnds
I1 le f fiCiency Of 11he intruLc-tion set wit IthIfe tqpcect of the har dwarr M~ -, to I mplume nt
it. Advari: es irn har dwar e! tec hinology will, mare oftlen than not, ob!olelý thle har dware
lon[' bfoOM thle Lise fulnesý1 of the soft ware dec lines. In suIch cases, the queOStit Onf tong
Itermi cost effectiveness ran only be Pntwered in terms of tile efficiency of t ho
Inst 1ruc lion tet. An ef ficilent Inst rLtICiOn s et will b~e amp nable to ci cot effective

irn1ple'rniril aioi ion 11 Stiate ci the art technologies at any point of the software's life cycle.

Tho ptlrl'clbo of thlis Edudly isG to evaluate the efficiency of several (orpuiter
ar'chiIVtectures iceedn of their hardware implementationq. The following denfinition
of compol (r arc hit i cf iir wa, usedI in) 0hiN stUdy (and is the same defniton As useod by
the Cf-A Commit tee [KAC'1G):

Pgrippiter._ArcIliIfeCtlure: The structure of the computer a
progri-ommer need'k to Isnow in) Order to write Any time independent,
11mi:II t.Ve langicuage progiram t hat will run correctly on thle COMPUter.

Thus ant efficient architecture will ha.ve the property that a hardware reall?.ation of thle
aqC~IrchitectrU -will 1-eL mnor cost effective than a technologically similar realization of a
lesEs effic-iont architecture,

Thle results of this. evalutatioi, will be joined with the concurrently proceeding
Soiftwara SuIpport Evaltialion and Life Cyc-le Cost Lvaluation~ogether, they will provide
an analyiln of the cost effectiveness. of s~electing each of thle &4CF architectures
(LIYK20, GYKI 2, LJYK1I9, U'VK7, P01111) for Iniplvilenfation as a family of miachinevs for
Mse In Army and Navy Applications.

GIf IOW10IAJ

The methcodology usted in) thisi studCy is, based on a similar previom; MIudy for the
CF A Com-milt le comparing Ailternatiye commercial architectures 1F-U76]. However,
severnl 5..gnific ant improvements have been mrade in the methodology of this second
sIucly. B~rie fly, the. cli ff rinces are:

1. The s-et of test programs, has ,ei improved to be more uniform in size
anld Wider in) !-COPVý Thle individuall tes;ts arp more precis-ely cdirectled at
architectural features.

2. The dynamic proiiniia rue asures have been extended to orovide
information on implement ability over a rar'-,e of hardware parallelism, as
well iis h ardwar e ipeed,

3. Thle processor activity mneasurc has been completely redefined, Thle
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iiii;Iu0r y ;ircI',.'It''rI) .u .F11 pru~ 1) rvidedl li III.He ilddilrrrm1l itur il11,11uw. It
also f a-In d to capt ure W e inherent cost di!fern nc es bet ween simple and
coimplex p rn(c Cssit.r c ompuiita uns,

4. The maihccd of computing progiani menasures has boon automated,

5. A nuperior 0,tatisticail dasign was chosen which allowed more signIficant
resuls to be enxtracted from the program measures.

A set of test programis waq sieleced to test significantj a pplic ations or
cnp a bil it in of the architect urns, E ach protgr am w=5 dclbc ribed in a Prog ant Doc rript on
Language (PDL) whIch specified tho algrihm to be used but left Unspecified the EXact
rnachina level imnplemntatior of the algorithm. All test programs wopre designed to bn,
writ able by a loyst prccgr ammnr in one or two poiVCi of mlc hine code.

SNixten test programnmeru were selected to write tost programs for the five MOF
WArchitectues. Eachi p rogrammier was assigned two progroninr to be im mplrncted oan all

five architecte ur O.va assig mnnt w as dlone according to a Ontatstcal design which
ateml~ect to separate architecture Ocfcts. from programmer and program) effects,
The programs codod by the test prop~rummors %yere exec utect usi ng a stondord set of
test dat a on an ISP nimuloalec wrtten% for each machine, The ISP simulator p~at hered
"'tatistics oil the execution of thle programs, MeaSUres of efficiency computed from
these ctt atistics were icrec in an analysis of variance to determine the relative
efficiency of each atchitectILurn.

Each phase of tOi process is discussed in more detail below.

Selection o-f Test Prorrigtsnt

The set of test programn used in thc MCF evaluation was constrained by budget
liinitAtiOnt. Rnd thn staisticalW usO to be macde of the results, Validity of the dtatislical
rvsulkr rpciccrect that the progr arty he a reporesentative set of the kind of operations
performned by m~iliary compulers. Along these tines, it was also consicturvd imnportant
that the programs, ltc.t all tsignificant~ aspects of the rhtetrs These consilderations
Would in ricoir.at the dorisirclbility of a large bat of tes proig r ms However, tie an aysis
requitied thof vach program be coded frequently enough1,1 to allOW signlificant statisticall
hnter rone lcC5 o be made, Thtu5 budgetary c onstrcsints forced a tradeoff betmaen number
of tests, length of lest, and frequency of codling.

A net of 16 test pogra iri dividd into fOun categories was ulct imately se lected
for t he ovyalat ion. 11i' basis of tHie individual selections wan t wofotd. F irn, listI of
Import ant arc hitec liiiat feat ures wan anbernhted, Fecatures to be tested were.

Inte~rrupt handling and 1/0
Fyrrc Lit .0/ 're r inter actlion
Conii~i ae ;nd branri ring nimitruc Is
linetgor ar it hmaIcc
Floa0.trigt Pointl operations
Cli clor acir mcI Bit proc e ssinr



Ii I fIy tl
Ahility loi dd -, ,T l ot I.(-n~' (1.0ai !-Ir i

Man aod soet of sig nitficant I asks to he- per fornmd were conside red:
Re al lime pro~cssinr
Ilandiciig wripiH n~ processes
Co lun~ric it ions n 0cc ssing

Dispki y proccessing
Fast tWbe lookup
Packing and Unrpac king data

Manipulation of liot structures
Mviinimnal Diffurence Soar rh
Character processing

Alt enipting, to' maximally (over the two sets above resulted in thc selectior Qf the 1 6
test p rogra nit desc ribed below.

1NT(RRQF'TS AND *lPAF'S

0. ITY !nj u!t Driver

This is( a driver .for a ,;impla Interrupt driven device. Important
characteridtics are a low transfer ratle (bytes per interrUpt), minimal latency
fRom i ier rtpt signal to response, and high flexi Utility in the nAt tie Of the responose.
I'lese char acteorist ics~ precluide the use of a typical hardwarn channel (DMAA t ransfer).
Thle test, i typical of a variety of slow speed devices.

1. n Kes~ F~ff~h nn rnmsion

A hirh speed DMA device is used to transmit data buffers, The. driver's
concern is to butffer I ransnlision requests and mai nIairi as high a transfer r ate at;
possibln. The c omputeor pmrfcrrmn no pi oc essinn on the dIat a transmit Ied, This,
test exercises thle chlannel (D)MA) 1/0 tI ruCt urV Of the architect ure,

2. Mrr i ) rinri Itrupt. Hicli

Interrupts fromi four dCviCeS Of une~qual priorit>' are dirrr rcl to the appropriate
doevice handrers . The I/O request which is therby compoletd is dded to the
exc'ulivol queu~e Lo that the appropriate actions, way be taken relative to the
requesting procecss. 'I h o test per for ms only tie interrupt fielding and r eq uest
quuc-'ling; f LIM lions, The rn-odol is applicable to a varirrt> of real time applications.

3. ViO Iat ml kinro r y I iYchaf

A protec ted noblrothlinO facily is provided by a pair of executive c alk. TOhr
lost, proltir ow pc'rformo tihe memoury !,parce anrd regioter chanrrges neressary to
trirristr roritrol. Air test rrO!ARsr,' supcrvisor call anrdc context swap costs,



Cli'ion a dii .phl a>r' ist and ') s;cale f acltor, the projgr am p rodluces a scalvcl di spl ay
list. The p~rogram in a I cst of mnt egr r1uanipul at ion1 and fixerl f ield extract ion.

b. Array Yanipulat ion- LU MDe omj.pcvi5lion

Solution Of SIMI.IneouIS VqaLM ions using ,tlandlard Gaussian elimination.
rloatimpg point operations, multiple indeuxing, and nested iteration capabilities are

6. Ta~jieiTirhPkn

Givon the11 cro di nates of an object, find the closest element to it ;n a given
table. This, tests, floating point c omparkion as well as the costs of per forming
contorled at ray sea!rches,

7. Diaital Cowimuniciflionns Pro essing

This program directs me-ssages to variouIS outI put lineCs depending upon
their clostinat ions, Fast sent-ch and block move capabilities are tested,

ADORESS MVANIPULA110N

8, Hw.; Table Se archi

The p~roblem In to locale the position a Rey would occupy in) a hash table. This
involves address and integer manipulat ions and indexing.

9. Linktd int Insert ion

Givcon a doubly linkod list in) ascendfing Order, insert a new entry. The test

involvC5 p~ointer ext ract on andlc following.

10. Pronor I on LIg cirs pr

M,4aniptLIiae the elements, Of a very large randomly ordered array to form a
partially ordlemrd hi nary trupe. The array is sufficierilII> large (order I Mvby Ic) that
it k; ecec'ssary to rioinipuLlate the. page (segmcnt) address registers, to access it. This Is
a test of the cost of r andclinily oddrnissing a very tar,, go ddress s;Pace.

1 1. Akitocorre it(, qnlij,, Adtdr" Spic

Thin len!t it, comiplomentary lo test 10. An iautocorrelation is performed on itn
arroy la enccwfo~rh to requilire' wwupk!i~lation of paj,,e registers. Floating point and
sequential a usof large address !,puces are tested.
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J 2. Gha m nc Ic r a ai i

A h aractr s t r ingi r.c atwed lookinrg [or .11 OcC Uronc e of a spc tie!d rlrr
Thin prog~r ami tc char acter acco' 'sing chililIies.

13. floolean Matrix Tti nsposne

Thin pro~;ram I a 1,, c n a bit mantrix and r ef(Loc I it about its di ago nal. Ability in
OCCCI5;Ond ninc mve hits in tetited,

41', Rccorc lUhwackirig

This Irmst progr am I abcs a n array of I ight ly packbed bit fivlds and A for mat
string indicatling tille niJe of each1 field iand Unpacks thre fields into aniother arrany. The
ability to cii enrral field exlraction is testedl.

15. Vec tar In Sc an tine Conv~r!;ion

A 1i-t of vectors Is converted to an equivalent scan line display. Thir, tests

bit actdressi rig cap atilitl-- ins. well a, ,omnc integer mani1npuJla t1 ann

Specificat io and Control of' Test Prorgrams

The algorlthm tn be0 unod it) each program was s-pecifiedl in a high ordter
lRal-igLiage. Thm programmers were allowcd to make any optlrimi.a' ions that a clover
comypilter COUld make, b'itl were not allowed to chainge I be alpgo-11ri I timUse1, With tilte
e-xception at the interrupt and trap class of tcests, atl tests vseru .pect!(idi! as
5Lubroulinc!;; this slinctnrdized input /result handling, The calling conve~ntionfs were
Sperclfled tar- each maclimcie inl termis ot a sample instruLct ion nequence whiCh WO Ltd
proctuc ~e thle machIfine. stalI to br* Uejpec ted at entry. Thellse steps were una1d to
rcýAtrict t he vat in ane lufe lo t he.l dill e re nce P e 1)rwecce n ) prougr ammo's P witW1)0L hot
restAricting the-ir abhility to maku- Optimal wnr. of thre machine,

S;everal (cinVcrition!. we're adIopted with rwspect to tlIc non- 11n program!., Atl
propgramr, vwrv required td be rventrant. A stack arva was, -Applied onr all
rllochllirwj for t eb 1.V 11w' pl(!rogramninrern. Thu Fubruluhnrs were rit allowed to ;flte'
aqny dat1a whJich) w as. on ten i . prior to the call, nor were t hcy permitte~d to le ave
-iny items' on the! ,talCk sUbseiquent to the return. f-inally, Tho 1ubr"OUtines, wera
requiredc to !,a-v: and restore ilny pro~c nsor rcgiste~rt whIch they altered.

A.%sijp itmremr nf 7est Prprar1 ri Ls

Tes~t irogramnmern, v.rr c iv,,iirjci t ivdIe -t propraims in aiccordtance with the-
stati'.titill te'ilgii c orw. nh progr ammirr imlrnp'lemned two prcigr rim. on all1 five,
arclitr~iutitw,. F'airs a ofr prgrijimreri recivc'd identical program asgmns i
tL ujggvýIe td or dcr o t w ri Ii 6 g was; dtitt crevnt Ifr eac h progr rmmmer to avoid
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An ISFL de'scription of eacth machine was used to produce an IISPL simulator for
each machine[t3A76). Programrninrn debugged their programs using these simrulators. A
standard set of test data was defined for each program. A program was defined to be
debugged when It could properly execute on this test data. This provides a
reasonable asSUrance of th- applicability of the measures obtained without
requiring proofs of the correctness of the programs. A subset of this test data was
used for evaluation of execution efficiency. The ISPL simulator maintains counters of
various; memory iccesses, ad well as frequency of execution of each part of the
simulator. Thwese counters providod the execution stati!stics for use In computing the
architecture min~ures.

Al ca st.ras of* an /frchigectitres's Per f ormnance

The performaince of an architecture on the test programs Is measured by the
efficiency of the test programs written for that particular architecture. Quantification
of the concept of an efficient program allows the comparison of different architectures
indeppridant of their implemontation. The measures used by the MCF evaluation are
such a quantification in terms of space and time.

An efficient program is one which requires a small amount of storage and
oxoCUteS in1 A short amount of lime. Three classes of measures were used to capture
this concept. The S innanure is a measure of the storage requirements of a program.
The M and R measures are measures of execution efficiency.

S MEAS UI? - TEST PROGRAM SIZE

The S meas~ure is defined as thea numbter of bytes of memory required by the
test program. This. Includes locals allocated on the stack as well as own variables. For
the Interrupt and Trap test programs, this also includes memory allocated to interrupt
vectorl' Used by the test program. Emcluded from the S measure are the parameter
block and parameters passed to the routine as well as any global data structures to
Which the routine has access. This was cdone to avoid adding a fixed overhead of
significant size to cach S measjrure.

A single exception to the parameter exclusion principle was made, Test program
I14, Record Unpack, allowcd the programmer to chose a representation for the format
string. Optimal parking would causv each entry in this string to occupy 6 bits. Because
a tradeoff decision between packing efficiency and accessing difficulty was allowed,
the vilc of this parnameter was included in the S measure for this program.

For those test progra-ms in which multiple calls were measured, the the stack
uneiige cr~utd conceivably var-y between calls. The S measure in this case is defined as
the maximium of the individual S measures.
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The lime required to execute a giveii program on a given machine is clearly
hi~thly clopendant upor, the lirndware implementation of the machine. An Arbitrary
archite-CtuLre can be iniplernanordo to execute its insitruction set at an arbitrarily fast
rate (limited of courve by Current gate technology). The execution time of a given
program Is dleterminod by two factors: The Amount )f processing required, and the
rate at wolIch proce-sing Is clone. The former Is clopendant upon the programl and
ar'clhitecure, the latter upon the hardwiar implamennt alion. An efficient architecture wilt
1rninimnize the- processing required, Allowing the most cost effective impleoment at ions.

Selection of inea~ures of processing required by a program Allow-, the
comparision of the efficiencies of several architectures. Taking instructions As special
cases of progirimn, such measures must, because of the separa:tion Into fActors
assumend Above, reflect the differences in execution times of Instructions in current
Iimnplaemcntlat ions, Trhis provides a selection criterion for measures.

Consider the following 3 example instructions selected from the familiar 360/370
architect tre.

1. L 1.0(2) load from memory
2. [.M 1,6,0(2) load 6 rags from memory
3. AE 2,0(2) floating point add from memory

There examnplos Illustrate !wo orthogonal factors ACCOunt~ing for the differences In
processing retluired betwern instructions. Example 2 would be expected to execute
more. -slowly thnn I since It Involves, reading 5 inure words from meimory. Mernory
activity It. thuts on Important factor in execution cost; The M4 measure was thereforn
defined as the nuJMbeVr of bytes transferred to/from memory. On the other hand,

* examples I anid 3 have. the same memory activity, but 3 would be expected to execute
more slowly. The processor activity involved in floating point operations Increases
their cost. Processor activity is thus an important factor; This is measured by the R
meas-ure. B~oth M and R are discussed in detail below.

The execution time moddel used in the MCF evaluation is reprosented by the
following eqtuation:

TIME -~ a*K4 + b*R

Where a andt b are constants cdupendiant Upon the speed of the memory and processor
* hardware, respectively. M and R Are measures of the processing costs involved In the

architecture, independlant of Implementation,

Measurn of kk-mory Activity - M

An Im~port ant paramneter Of a Computer systemn Is the bandwidth of its
processor /memory interface. Thus a significant determinant of program execution
speed is the number of bytes the program transfers to or from memory. The M
rnearoure Is a measure of memory activity.
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The K4 IYý,.kLJrC ik.. defilnrd a.. 11r, number of bytc.i read or wrillen to rnmtin
r•iflr)ry i i(tI the ('ILIC Io y I the tr2,.It progroV .r pucificly, co rnlinri b c Fins al s IIe

first instrur.tion of the routine and ends when a return it executed. No activily of the
c.alling routine is counted.

'hree M ,nemures were coompuled, These M measures reflect differences in the
width of the memory (and therefore the minimum number of bytes which can be road
from n agiven address). They are refered to as MS, MIG, and M32 corresponding to 1,
2, and 4 byte wide rmeories, respectively.

Certainly, no one would implemernt lhe 16 bit machines with 32 bit memories
without making tome attempt at rea,,onablel utiiation of the wider memory. Thus, two
adjunittpnnts to the tJ32 definition for the 16 bit machines were made. First, it ik
asfiLimed that all multiple word references (double integer, floating point, etc.) were
aligned on fullword boundaries. This is of course standard practice In most 32 ')it
machines. Second, tlhe sequential nature of instruction fetch makes it highly desireable
to have a 32 bil in.structlon buffer, Otherwise a sequence of 16 bit instructions would
result in eacth instruction being letched twice at, the low and high halves of the 32 bit
word were executed, hils Implementation was modeled by allowlng instruction fetches
to fetch 2 bytes, while all other memory accessses must use 4 byte words. These two
adjustments define the 32 bit memory system es:umeod by M32 for the 16 bit
machines.

Measure of Processor Activity - R

The activity of the processor during the execution of an Instruction is simply the
coMputation of a function. Complexity theory indicates that the cost of this computation
can be measured by mpny ,,tep counting functionts. Consideration of step counting
functinns applicable to digital implamentiations fails to restrict significantly the range of
possible cost functions (con.ider two processors, one which is bit serial, the other
uses table lootup in a ROM. Addition in expensive In the former, while all functions are
of equal cost In the latter), It is therefore necessary to choose a cost function which
roprsents an Implementation that is reasonable given the current state of the art.
This ic the approac(h taken In tile MCF study.

The R mea;sure for a program Is defined as the sum of the R measures for each
instruction exeCuted. The R measure of an instruction is defined as the number of CPU
cycles required to execute it using the canonical CPU defined below. As for the M
measure, no driver activity was included,

Two R measures were computed, One assumed a 16 bit wide ALU as would be
u--c(l for low performance versions of the UYK7 and GYKI2 and most versions of the
PDPI I,UYK 19, and UYK20. The other assumed a 32 bit AtU as would be used for high
performance versions of the 11, 19 and 20 and most versions of the 7 and 12. These
two meaisures are refered to a, R16 and R32.

MCF CANONICAL CPU

Definition of a reasonable coomplaxity measure for Instruction execution
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nr,'ccc,,iaft, ~t'c he choice of a !.lmcdIr U tictjtv for thoe 'nill-tinp, CPUJ. The rh uctchire
!ilown Ill fiJIMti I v.'w- hcnen lo bc ep(flar' of typical inediumn peformr-~ce

iij~ur'ii'ihiun U no inl Ik-. Mitzi ~m~~and ALU uperatiun-ir ruflect the capabilities of
current instruction serial hardware units.

Featuros of the CPL)

The CPU inc-ludeost a ragister ram, con.;tani rom, tempor ary latches, as well as a
memory address arid data register ind a parallel At.U. The width of these and the
lnterconnnrr ling humssc!ý bits fur 1716 Find 32 bits for l-?e.

The register ram is a standard random access memory used to hold the
accumnulatorn, ifcletx rer.1sters, prograin counter, And ltack pointers of the architecture.
During A CPU cycle a single location may be read or written.

The constant rom contains a variety of useful conntrints for implemienting the
Arch~itecture in 9tiest ion.

The temporary iatches, are high speed ruginters used In the interpretation
process. Thesy may be read and written on the sonic cycle.

The ALU is. a pnrallel arithmetic unit capable of Integer Addition, subtraction and
negation, Fill the standard logical functions such as, and and or, a-, welt as n bit shifts
and rotates. It isi Also capable of performing fixed bit Substitutions, such as replacing
the low byte of one bus with the low byte of the other. The condition codes may be
set by itS outputs.

IjnstrLICtlon Implenientel ion

Several principles were adopted with respect to the R measure. These were
intended to avoid unnecessary complexity, They also avoid Arb~itrarily ~rpnatixing
arch~itectures with unique features. Finally, they prwvent overheads common to all
interpretations from obscuring the differences between instructions. These are
outlined below.

1) Instruction decode Is excluded. The control operations involved are extrem'ely
imnplementation dependant And represent an unnecessary overhead for the R measure.

2) Memory mapping calculations are presumed to be performed by a separate unit
end therefore require no CPL) cycles. The Activity of the memory map will simply ma~ke
mnibnry occesses more expensive And therefore Is adequately measured by M.

3) The address for a riinaory access may be obtained from a variety of piaces
such as the MAR, MDr?, JR. This eliminates shuffleing operations which are highly
lmplonr~entat Ion deopenctant,

4) Inter- Instruction optimlizat ions are not Allowed.
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Calrjrl,.-ijon, o~f R? rrnr~iv:;iru

1he f? neasure for each intruction was obtained In two different ways
cieppnchinpg upon the cornpl.xity of the instruction.

For relatively simplc instructions, microcode was generated for the instruction.
Adding lhis; to the f.,larnchord inht ruction fetch produced the CPU sequence for
interpretation and therefore the nunmber of cycles rquilred.
Example 1,

R32 for UYK7 in.,truction LA 1,0(2)
1. MAR ,- INS RIG<iaddress> + R[G[inclex 2]

2, IWrG[arcc 1] - MDR

So thle Rrneasure is 2 + instruction fetch cost.

Exarl.,le 2.
R32 for GYK12 instruction CMF 2,B
1. 'rMPJ ,,- -,G[acc 14)
2. TMP2 4- R(:f[acc 2] and TMP1
3. TMF'i 4- MDR and TMPI
4. TMP2 - TMPI (set CCs)

So the R measure Is 4 4 instruction felch cost,

Complex instructions such as Integer multiply and divide and floating point
operationus were handled differntmly. Ditrct microcodin, was deemed undesirable for
soverRi rea ont, rtrr, generalinG the microcode would be very time consuming. The
efforl expended would be far out of line with the accuracy required. Second, the
generation of optimal microcode for such Instructions is a research problem in itself.
Finally, the optimal algorithin, if found, might require a control complexity sufficient to
make It Imprctical. Since ll machines would be chart.ed the same basic cost for these
operations, we decidncl to use a reasonable approximation.

"The R mnnasurv for each of these complex Instructions was established by a
survey of implementation on current computers. Relative execution times were used to
estahlish al approximate number of CPU cycles required to execute, This computation
cont was then added to an operand fet:li cost (as determined by microcodlng) and an
lns;triuctior- fctrh cost to determine the R measure of the instruction.
Example 1.

R32 for l'DI'1 I MUL RIR2
1. TMWO +- RLG[rI]
2. TMPI 4- REG[r2J
(16 bit mulliply compltation, 20 cycles)
3. 13EG[r2) 4- TMPRESULTO:15>
4. REG[r2+i] - TMI1RESUL'r•.1:31>

So the r mna.iure Is 4 + 20 + instriction fetch cost.

Instruction fetch was assumed to be accompllhed by the following microcode:
1. MAR,TMPO +- Rt-G[pc]
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2. f~Cp -TP)+(i1r lorJ)

where the instruction ,ize wa-, clormenined by thie ill', Urficir fft!chad. Architectures
with varying length in~t rtctions were allowed to v ' tne pc 1 increme~nt opei ation until
the in15ilruCtiOn !ý;1 Wif d~etrinined. Uncondil ionai I.- iihes wicit allowed to dispense
altogether with cycle 2. Conditiunal branches assumod reo branc~h occured; cycle 2 was
corriplnteci, Thus int.truclion fetch re'quires 1 cycle 'or uncondition~al branchDs, and 2
for all other instructions.

Statisiical Dcsipgn for tile IExperitnent

The goneral aimn of this experiment I-, to identify the significant factors which
Influence the S,M and R mearsures with emphasis on the significance of the ArChitecture
factor. Tile primiary oim is to arisoc~ialc a quantitative measure With eaCh Ar'chitc~tuLre
and to oblitin confidence iintcrvats on thecse menanures at some predetermined level of
statistical siariiflcani:ý (.OF)). From thnne we cain obtain statistically valid rankings of
the architectures. A necondary objective In to obtain informptlon on the variance of
programmer ability and interac~tions of programmers and machines,

The method used to dlesign and analy~e the CFA measurements was based on
the Analysis of Variance ( ANOVA ) technique. A rough definition of the technique 8s
given by Schaffe tSC,59] in : 'ANOVA is a statisticat !echnlique foi- analyzing
mrianureni-ients dlependling on several kinds of effects operating simultaneously, to
decidle whicth kinds of effects irie Important and to estimate these effects."

The CFA experiment war. t-et up or. tile assumption that the factors influencing
the niriaurrments are J) Programminers %~) Tvst Programs and 3) Machines. The
rncar-urvimenls to be anityzed Are the various S, M and R~ measures obtained in) thle
course of the experimrmnt. The dwosi,,t Involved five machines snd sixteen test programs
Which ArV hopefully roprvsclnttiv'. of tlie typ, of task that those machines would ba
cailled uipon to handlo in normal iso.t. It invot' , 16 programnwrs who are assumed to
be representative sample from tlia guneral Popuiation of graduate students at
Carniegie'� Mellon University. Jni thle most dosireablo situation, the programmers' prior
familiiarit y with Ilin inachines being I estocl would be uniform across all machines. The
proliferation of the F'D1PI 1architecture rinkes this virtually limpossiblo to obtain. An
etfort W,`S. maRdP t0 1CinClud ill tile study programmers who had no prior PDP1 1
experience as wellt as torrin who hand experiencre with the NOVA (a UYK19 subset), Thus
a sricondary goat of tile aInatylis was to determine if prograllM-2i faiiiliarity was an
imporltant factor.

A romplete fac torial design would involve each prograimmer coding each test
proigram on all thei machines. This, would involve, codInt, 1280 (1 6*1 6*5) programs and
Would give conilpeile Infornintlon on Alt the relevant factors and Interactions, Attractive
an this is, budget connicderationt. H'imlnateci this design and A onie-eighth fractional
design wms chosýen which involvcd the codine, of a total of 160 programs. In the trade-
off we natui ally lose some informintion oil certain effects or int1eractions and obtain
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only par Iial inforroaMionof On het~ !.. SjifCj (fur p)tinlar' Ur).1Ia wan, t0 olttdin infulrm-atiorn on
III, to, I( hln I I Io (,f f 'a do i-q n 1) -1, 1Iwc d v,- Ith re".r I I((t 1o 1r ýIi ( hune. v.ý .V;fC h o. , (n1. -1 h.,1 I k.,

u ac- 1.10ii mnh ow i!. give n the sutrue cotrhinmalons of thte other two. fac-lors.H flvme 32
programin werec oded for each imnchine. Each programmer was Issigned 2 test
programs to bu done on all 5 ma~chines,

The ANOVA model used for a comnplete. factorial closign woutd be:

Y~k- U4PI +Tji Mk.*PTij+Tk~jk-lPMik+PTMijk+Eijk

where the cormponents Arm As below,
Yik Kcanurmernt for the 1'h prograrnmurj'h lest orogram on

the K'Ili machine.
U : Grimnd mran.
Pi Effect of thia Illth progivflmner.

ý T Effect of the J'l h test program,
k Effec~t of the k'th machine,

PTij Mffct of the interiction batween the l'th programmer and
the J'h test progroum.

Tmjk Effect of thin inteatttion between thle J'th test programn
Find the Kib machine.

PMik ;Effect of the interaction belween the l'th programmer find
tho K'th machine.

PTM~jJ Effect of the lntearction botween thle Mitl programmer, the
Xlh lest progratil nd the Kith machine,

Eijj A random varinble dintributcd os N(O1tr2

A factor Could be of two typas - random or fixed . A factor in the design Ir, Said
to be fixed If our Inferences from the exporiment nre limited to exactly thle levels of
thant facrtor which werr chosen for the experimient. ror example. in this dlesign we are
IntiervSted in comparing. only those b5 specific machines And not In comparing thorn with
any random orchitectore, H~ence thea Mchine factor Is a fixed factor and we would be
Interested In computing the effects of those 5 mAchines. A 'good' rmachine ( low S,M
And R ) would havC 2 lOW Imachinec effect while a 'bid' miachine would have a higher
machinin effect. Since thle. ffects can be calculated to within an additive constantl, the
c~ont ant could he abt)orbvcl in fihe grand mean ond unique effects obtained by s~ettIing
thu1 restriction 'Ekmp, 0 .This Applies to all fixvd effects, Now the "best' machine
would have ;a negatlive effect while the 'worst' mtachinle Would have a pos!itive? ef fect.

On the other hand thea progranmmer and lest progrom factorii Pro random factors
in this, clesign. In the programmer c ese we would not like to limit our universei of
Inference to thea 16 programmervs chosen for 111115 Study. Instead wt- astume that these
16 Prorrartimprn nre a random namrfle from a population of propgrammevrs. Each PIIs a
rmndoni varbible with disitribution N(Ocr.jp2). The Op2 isi the variance of the programmer
pnpulation. Note that Xiti neved no I be equal to 0. In the random effe: I case we are
Intillrested In thea variance of thle moans (rp2 and not In the expected value of the
mean which we have atiuitinnc to be 0.



A cle t.ipn likc hi,; nne wliic h him!; '.mnr.ý of its. f a b-r s fixced (MN) and ot hers riindrom
(11 ond I 1) Iif, i 1111(d ai rrpi:Ld 1inclrrl, 1 ie inleýIi acton 01 a fixedi and rand~or) fa( tor it. itý,lf
n rondorn intert ochn, 1110Iltr, 0ll the it rli~n~; tI lrli,,dein are lIhemmtelvc riandom
variables with mean 0 and different variances,

ANOVA mo~dels ;ire( valid only under certain restrictions onl tile random error
term EikEach E-must be normall'y distributed with mean 0 and variance 02 , Furthur
each [I' Vmu1st I)& indlependantly nurmality distributed ( The covarlance matrix of the

joum vetr1's I. In Dither words the Y.-i,'s I hr-nselves can be ansumed to be
randlom variables with differenit mea~ns, but having the samei variance for all 11j and k.
One way to check thin would be to to actually measure the variance of Yllk.
Unfortunately vwe. cannot estimate thle variAnce as we have only one measurement on

Yj'We cannot als~o diroectly obtain in es'limnate of thea error variance 02

The first ob~vliously impractical so 'lution Is to repeat the entire experiment with
the same grOLup Of programmers assuming that the,, hamve had mneiosia Iin bel-weerm. We
wou~ld thi grntet slightly different value., 'or the0 Y1110; and from the two Setf, could
chiock whether thle vilrlances of thle ý'j''are equal ýrnd also obtain thle varlince of the
rondlom error term.

This cIlIPM111A can be, resolved by assutring that certain higher order Interactions
are nerligible and att11ribUting their sums of squares along with their dlegrees of
freedtom to thle thle summ of squares duC to error, In this way we obtain an upper
bounld on (T2, If the, Internctions wort) not actually 0 then we would be overestimating
02 and hence lheirig overly conturvitlvcr about th~e lengths of our confidence intervals.
tlcowecvol. Il i-.i donsn't -r.il the problemn- of testing for normality and equal vorilnrce, In

fact we believe that bared on thcoretical and intuitive connideration; fliat thle vnrianco
of the. rMpsures Oar not vqual, WO furtliUr po~tUlate that the the standard deoviation of

8 ny Y~ii, is directly proportional to the mlean Of ank ld since the mecans fire not actual,
neither nre thle varlrinces.T'he hypothesis that the standard deviation Is directly
proportional tn the mean was validated by group~ing the 160 data points for each
measure into 80 pairtu. A pair contstist of Htrti mam~urts foi Lho Lrrni lost programn on
the namea mac~hine but codeod by different programmers. The assumption made here Is
that differences! bet werir p~rogranmmers are not pronounced and Inso far or, that
assumption it. wroneg'we Obtain a crude estimate of thia mean and varlance for each
palr. The e!,timatlen are bound to be noisy as we are computing them from just 2
elements. A scatter plot of Log Variantc was plotted naganst Log, Nkan and a straight
linle War. fillted by thn least squares method. Thle slope of the linle was around 2 in fill
the ca'ses which Indicintor that llhe voriantce Is proportional to the square of the mean
and hanc~e that tIre stndalrd deviation was proportional to the moan.Tho plots are
tihown In Appondix 2. An ipproprInte transformAtion of the data would equalt the
variance npproximlatcly [SC1.59). Since thle Mtd. deviation Is proportional to thle mocan
the appropriate variance tablk~ll~tiransroform Is thea LOG tranisform. The ANOVA
as-sUmnptonn will We met if w(- model LoC(Y'iik) ais an additive model.

lor, Yij - U+Pi+Tjt~k4PTiI.+TM jkI PMk4PTh~ilk4Eijk
Exponentiatirig both 5irIes We Bel Ili tintuitively attractive multiplicative model;

Yljk - u*Pi*tj*mlk*pltij*tmjk*Pmik*PtrmIjkoeijk
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wherv the' rfdlin n hr'lw(-pn the. low.er cný;e )nd :Ijpprr cwr, vat aihlr-ý in~ U I OR(ki) )nd
!,0 oil. I h r ondilioll, oil 'Aqh far o1r will Of ()l!C h0r r beiWmagd. 0I Of V mpe[

1 ). 1 li l Flmra huni v~li'ld havke ) anmiliipli' flive effect le~ than I While tHie war!At
rnaclinoi wou.ld have one greater than onle. Tile significance of tile mult 1plic alive effect
can be best nhown by mri example. If thoe rriltiphicntlive effect is 0.81 for the S meaSUre

onthe PDP-I 1, i1 would Indicate that the the POP-I I takes 817? (on the average) of
the dtatic. rolarage that a hypolheticAt average machine would take for executing a
randorn program.

Nested factorial depsignt. Fire those in which not all factors are crossed with
every ollinr factor. A factor Cou)ld inst.ead bev nested within another. Our design would
be F-plit into 2 phas~es of 80 data pointsý each, The first phase would consist of the
dlato afom proprawmerrr; V0 thr-oughl 7' and I he &vcond would be thle dlata from
prograrmiers '9' through '15'. Taking either half as An example we nole that every
level of tile tlost program factor appears together with only a single level of the
proprammnir.I factor. III other wordl: the test prograrms thAt a prograrrmer does are
dist inch fronm thore dlone by any ollthr programmer In his h;alf. Thus the test program
factor In nosted within the programmer factor and hence we have no Interaction
betwcr2n programmer aild test program, In our notation the fac~tors. corresponiding to
the parenttitisic6l ed ;ubscripts have nested wit hin them the factor corresponding to the
next non parvilthizccI 1u,s)C~rlp~l, ror exaimple Tjj wouldcorsndothefctf
the J'h (Jt" I or 2) p~rogram of the 1'th programmibr. The subscript 'j' will thus alv,'Ays
appear assrociatcd Witlli a parvnt hosiv~ed Y. HeInce the tran-sfornird model for the nested
factorial do si[n (frst 1101f) Would be:

YIjk r- U + PI + T Wij + MK + P~ivli TMv(i)jk + ljk

where Y'k Is thle log Of 5,Mv or Rikand thle range of the subscripts are as follows:
[~ :, r~I Jk-':K where 1-8, J-2 anrd K.-5. The corresponding mrultiplicative model Is

obtained by crxponont iat ing both sides.

Thec restrict ions on the variAbles ale;
Eypected values of P i T(Ij)1 PM' TM an ikre0
Corresponcing, varw~ncpC5 arCrp 0 'P 2 C Jp 2 2V

Wo CIL-fien CTPM2 - xp?3~ (K- I) and

M 2 , Zk64k 2 / (K-I0. fIJ
The tot at sum of squares :I IlY~kman2 io hn decomposed into thea SuIMS

of nqiiarvi cIlue to cacti component 6icordring to the forrmulae given In Appendix 1. The
corrofspondin! meanl ,(joaros .are obtgrinied by dlividing the sumis of &quares by their
degreers oif frondori. Theoretically expected values for the Mean squares are given In
Tablel 2. 1he anrly mean Values that we are intererted in calculating are the Mk's which
are coniprured as:

Mk- Y.-. where thea (lot notation denotes that Eln average is taken over the
dotled Sujbscripts.
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Co np ari,; int.) t vf thIeý trinc Ih ino : (fC fs rf ,would hrro r) r(v useu I alhIIc t-r t h ant I hie ab nI II r?
vo .ItI(. ofI III( CN. '.. Cru, r (I 11) I fit:Ir '.1 ¾ ol I thr d ft- amt V., ofI I tif, plc heiarlr

elf fr'( t.,(( ont r cv.t. sir V I .11 itt, Ic. I he 11)1.1i1 fasi ' ( t I III'. .t oft i ttI C Y Y i. Ih
cotita!;f between roachino '1' And machine 'in' or TV~ilTe variance of this contrast
deppencis on our unlivcise of in~fvrpence. If All the factors are fixed Ilhen thle variance of
the :ontrast is 2v2/Ij where c,2 is thia variance of thle error term, However if the
prorramnners. and tes,!t proprams Are take-n as, random effects then the variance is

2 (r 4cyr ,424J(pM)/J.The variance, is larger undear thcse arfsurnption5 and hence the
confidence intervals are also larrer. The two failed T test can then be used to
dolecrniine the confidence intervals for the contrast, For example ifVC is thle
estimated:' variance of thle contrant with estimated mean PC, then the interval for the
tr ue niepin is:

I~ct~deO?)~c "c Jc;4t(df,.975)or with 957 confidence. 'clf' i tt'e number of
dIlgrroos of freedom with which the error variance is romputed ( 4~1 in our case),

]tnst Cad of 1111,11n that, thehird order mt erar lions ar(, nlelilgible, We COUld
look at tile (omlpletc: design ar, a 1/8 fraction of A complete 21*5 deosign. The
programmelir a-nd tevt prograrn factors; are eacti represented by 4 pseUdo0-factors. at 2
levels each. The modelI ;15sulmed it,

'T'" Xj~l+ E

where Y ond E are ] 60 longtn colulmn vceclors.[COG1) The parameter to be estimated Is
the 11 column vector, I is A ývector of thle random error variables with mean 0 aind
having, o c~ovariaince mantrix of A2 . The number of parameters fitted must be less than
IG0 Or We wou1ld get a P)O~kCt lit. Instead 119 parameters Are fitted leaving 41
degrees of freedlom to c-sitimate thoe rror. Thle X array is a 160 by 119 array of the
appropriate oirthogonal palynomkial,[COGI) The parameters6 not estimated nro, the fifth
or higher order interac~tions of the0 pseudo1-f actlors.

A~SCN~ANTQrPIQC(?AMKS: The main problem is thie choice of which treatment
cofrrbingltionts are to be Included itn the fractional design., We must to choose 32
comlbinotionsf of the 256 possible' cobntOnof programmers And test programns.
Those cormbtialations Are of cltour se rplicated for all B mac hines to maintain balance. The
key ir. to chooste the correhinations !such that the effects and inter act ions which are
confounlded are the 011m., Which are! of little interest. loet A,13,C an1d 0 be thle pseCUdo -

fact ors c or rewponcting to the, test program factor and E,FG And 14 lcj the prorgraminer
fact or. 1:01lowingr thle proc edure OLIt lind in [C06 1] We Select 3 relatively unim lport ant
imtcrac-tionr to be c onfounded, I he '1 generalized Interactions, are generated from
therse three. In pceneral it woulIt be A Good idea to confound tlie higher order
Intcarcl ions1 but Icare titist be taken in choosing Ilhe 3 basic Interactions as tile
govieralkhd interact ionf. maly he confundncing main effects, Another restriction enforced
by the need for balance Is -that each of the interactiuns confoundod trust have thle
same number Of pseuld( f1Actors from each main factor.

The three btialt: Interactionci to be confounded were chosen to be;

AIJEF A01G -A13GD)LFG14



i(~~ WI rItr' TF Iitl , -I Ir .,r, ' J l (Itý . tý l f chi ( I' 'V it rt i I
P',e L I dL)I 01C tar), J h1C fpVen Int rirac how CA onfoundeld with f ile grand moanl are:

1~AI[Fi)UGAt3D~tGtFFDFCrCDfl 'CFWC[Hwhere I denotes the grand mnean.

There is. a cmorplete, aosr of inforination on lhcse intciractarm aod there is partial lorss
of in for mat ion on urwriny of tire other faclorr. and in~teractlions, For example to find the
inter act ann c onfoundedt with A, we just mutt iply~iricley modurlo0 2) the above equal ion
by A and otbtain:

A'13f ~)L>3CDIl~ 4A3DrGt-/c0GHl1A[3CrH, CE:H

We note that the rtnaie effect A is confounded( only wkh third or highe~r order
inl cr ct wion but it musjFt hbr rememberedJ that intera.c tionrs among the p!,eudofaclors
Could xhAll nty be a main effect for an orig~inal fac tor, For tv):arnple tHip third oider
Inte-raiction of the0 1)ýCuda'facNlors A,13 and C is actually part of thr maiiin e-flect of the
test pr oflroym factor whiich is mide tip of the I1 prvudo-f actors, the 0 two PSeudol0
factor inler act ion!n, tlire t hirdr ordter anct I fourtIh ordler intetr act ion marking it a
C~orntbinat onl of 15 effects. 1 hir, ChIoice seems to be optimal (within renamning the
variables) unde1r I ho rvs rict ionr; of a barlAncied dlesign to en!sure tthat miachinue effects
are uri)c)Fnfouncte~d and the bucd[,c I count r aints that force LIS to take a 1/8 fr act ion, to

miimzeI i confouinding pr oblemn,

Tire 3 de0finlingF eqUations to detlererine which 32 of Ithe 2!36 otbservalon-, to take
[COG I) arv obtained froam thp basic confoundord interactions. They are

)(+2Y5x ` . I (mod 2)
xl-`-x41Y1s1

4 x7 - I (mod 2)
X, 2x3 ~ 44x~x 6 X7+ 8 -I (modl 2)

where each xi is 0 or 1 to denoote the 2 levels of the corresponding ps.,eUd0-~faCtor.

There ore 3? !,vts Of Lotu~tiOMS for the~e equations. As, an example one esuch
5S101tiol !1et would be x1yXy,3 v4 -' 0000 ar"d x5x6x7x8 - 0111 - We Canl denote the test
programs andl the Pr oj~foa rumrs! by the nuinh r s 0 t hroungh 15 base 2. The 3? solution
set!; t hen give u., the -!sticnmetits to be tirade. The examiple solution arirstest
progr-am V0 to progroirrer '7%. The assrignments to eadi progr atuncr Wert' SLmIinirized
In Table 1, Note, that theL desiign is very synrmetricdl and has pairs of programmers
assigtie-d the( !iarnri set of programs,

The X mratriw is generatedl iterativecly with the c~olumr, clue to the maiin effects of
the ps -wudo-foc-tors" olnd the tinvar,71 -ctuarat ic,cubic aind quart ic ef fects otf the machine
factor heing Inserted first. We then appenci the columns clue to the intirractionr,
(calculatedl by term by term miultiplication of tHie appropriate cotUmrnz), We mnust make
sure at each stage that we do not sppend a coalumin for on interaction whose alias has
already appearezl as t his would dehstroy the tinear independantre of thie cotumiis,[C06 1]
We stop when we get to the 5 tactor intaractions which gives us ani X matrix of size
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)(-')0~ by W71. ThIn Y (otitrrn '(ir~t~III( 10wIc of t h['n m e'n ( or Ft).
L-el H be tht. vo~rlor of p;ir ;llTmrirE1V whti.h w~ill I irini?0,. the' t.jm of the ,q~jaye, ecf the
(Ill! brur viuen: tile Yi v.,ll, and thle preclicleu Y ~am.1he'n the Lxpecttd VaILue
of 13 it- B3 and i!; given by:

B -(X'X) 1 X'Y if X'X 'is not singular. Interestinply enough X'X is a diaronal matrix
And ik eariv to invert, The sumn of squares due to cr'ror is SSE - Y - BXY with 41
clegrtws of !rcedlom, An estimate of t he error var~ance v2 is then obtained by dividing
the SiSE by tha Cdepreef, of freedjomi. We can also estimate the goodness of the fit by
doing in F tcet on flt, quotient of the mean !,quares due to regression Find error.

We obtain cztimptc~s of the variance components ~2 2 t 2 , p22 Tand a-,42

em2is- not really a vstiance at all but is given by (kvk)k- whI'ich astesame
perreral form ns; a variance. The estimates are thw'nsolves obtained as linear
comtbinAtions of ,sortir of the expected mean ,quprrs except for or2 nd OTLA2. These
Carl be E-stimated o~nly it we have an indepenidant estimate of the error variance a
Tho tv? is obtailled from)n the fractional fac(torial Analys.is. There is a non-zero probablity
that anly Of these eStiMateS Could be negative. fSC59) Since the variables estimated
are non-nepgative (beinpR va~iRMCeS) thle conclusion drawn is that the nepative, estimates
arP aClUaliy estimating a varit~nce very close to 0. The estimate of oPM2  Is ne0gtive
aind livrice wpf; assurned to be 0. RI must bo noted that these estimhtes of the variances
could have very wide cor,'fidlence intervals -ind ate hence not as reliable as the
e~stimates of the rnachine effccit~.. They do however give Us rough estimates of theseý

* lnterestkir, patemeters.. It alno gives us the contrib~utions of each factor or interaction
to the vpriance of a data point. As expected molst of the variation is dueI to the test
program factor wilh the programmeilr factor being next in importance. The variations
dlue to the machine andl intefraction of test programs and machines are smatter, but
significarnt. Sinice CrP 2 war, esti-nated to be* 0 i-n allt he cases, the inference is' that
programrmer falniliaril)' with rnichiner. was not very important, The estimated values for
th~e vairi,,nce are shown in Table 2 Assuming a N(O.Up2) dir-trilbition for Pi we can
concludi? that 68?. of thP programmers have scores lying between up and -up. In
torms; of the more appealing mUllirlicative cnodel the interpretation is that 6811 of the
prog~ramnmers have scores lyin r between exoN-op) and cxop(p). For examp~le in the S
measulmre whore ap2 -O.O135, 6 8.7 of the programmert; lie between (1.812 and 1.232.
Due to the fact that the clistribut~ion is l-orn.the roian It- not 1 but -eXn(trp/2)
which is close to I for tamall a-,. Thle average progratmmer then would score 1.00 ( 1.02
FICCUrately) wthile' 687 of the programmers would have a score between 0,81 and 1.23.
These resutts Pro shown in Table 2 The results for the two parts of the nested
factorial eyperitncnt were averiaged with equal weightagr and the results for the
various estimates of the parameters in the model arc shown in Table 3

Machine effects can also hie obtained for certain interesting Subsets of the test
programs', The corrospondinG confidence intervals widen as a consequen~e of the
smaller numbor of data point5 that the usecl to estimate the machine effects. Machine
effects were obtained for the following subsels-

Traps anc1 Interrupts (Test Programs 0,1,2,3)
Mi scellaneo us (Te-.t programs 4,5,6,7
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Addres!; Mani~pulation (Test pt ogramr. 8,9,10,11)
Char ac! r ;icl Hit ru Wltri(Test prog)r-.rns 1 2,13,14~,15 )
Superv~ie r pr ogr ams (Test Pr oprianis 0,1 ,?ý3, 10,1 1)

The results for the subsets are 0hown in Table 3

The results of the statistIical analysis are displayed in tabular and grap.h form for
six groupings of test progr ams. The groups are: All programs, the four subgroups(
Interrupt and Trap, Miscellaneous, Address Manipulation, Character and Bit
Manipulation), eyecutive mode programs (Interrupt and Trap as well as those which
manipulate pape regibters), and uset mode proGrams.

The resuilts from the group, of all programs are the most statistically significant
(h110 the Allest confidence Intervals). Looking at thia S measure we find the 16 bit

maichines inake uip the best group, with the PIDPI 1 significantly better than the UYKI 9.
The GAYKI2 And UYK7, in that order, make up, the worst group. This split is due to the
avoilibility of 2 byle instructions to perform common operations on the 16 hit
machines, The 32 bit machines require the0 Use of 4 byte instructions for the samie
operations. The UYK7 from tile latter group does in iact allow 2 byte instructions;
however they must occur in pairs. This results in a large number of 2 byte NOP.. -as
well as obscurc? coding. The UYK7 also has an Addressing structure Ill suited to
anyithing other than absolute addressing. This causes its Veneral performance to be
poor.

In the M ineasures thia LJYK20 and GYK12 both move up relative to the others.
These machines have very similar data operations (16 registers, register-register anld
register-memory operations, similar addressing). The UYK20 utilizes the frequent
occurence of small constIants by providing short lieral and memory reference
Instructions, As wull as ihorl register -register instructions, The GYK12 Instructions are
all A1 bytes long. We believe this to be the primary reason for their difference In
performance.

The POI'I" drops significantly behind the UYK20 in the M measure. This is
probibly dueJ to a (ombinolion of fewer registers (6 vs, 16 ul.eable) And a lack of short
literal operation-;.

The UYK'19 does quite poorly on M And R. This deficiency arises as a result of its
few registers (4, only 2 USe able for Indleying) and is aggravated by instruction set
restrictions. The original inistr~ustion %ot (that of the NOVA) consumed a great dfeal of
the 16 bit instruction !,pace. As a result, the instructions added by ROLM were
extremnly limited In terhM Of Operand fields. This resulted In further restriction of the
reg ister utilivration flexibility. The register restrictions prevent code motion
Optinii.1a1ionS which Would move instructions out of loops by precomputing values and
saving them in registers.
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1h1 .0ep,11 atin of acuumnilalors And index regiseter. in the UYK7 !;eres to
precIude its V ni rCiý; inly ;1dVant ug, from itS lau[,Ce nuinb, r of regisoer!.

The R measure (which is isolated from nverage instruction size) shows the
UYK2O and GYK12 clustered at 1i1c top. .ince the GYK12 Is a 32 bit machine, it is at
somewhat of a disadcvantage in R16, but R32 puts it on top by a sizeable margin.

The R results for the PDP! I indicate that the 1 's addressing modes generate a
computational burden somewhat grealer than those of more conventional machines.

The overall results of this experiment thus show the UYK20 to be at or near the
top on all measures, surpassecl only by the PDPI I In program size and the GYKI2 In
high performance computational costs.

S._UGROUP ANALYSES

The most oulstanding of the subroup results are from the Interrupt and Trap
group. The GYK12 moves Into first place-for all measures except S. The advantages of
the GYK12 level structure in this area are sufficient to offset the disadvantages of the
wide instructions.

The UYK20 falls dramatically in S measure in this group, and loses Its M measure
a(dvantages over the PDPJ 1. An examinltion of the Individual lest program results
reveals lest 2 (Priority Interrupts) to be the problem. The UYK20 has two weaknesses
In this group:,

1. The Interrupt Mtructure of the UYK20 Is very poor, Any attempt to
Impose a priority structure on devices results In monumental overheads.

2. The (JYK2O provides NO kernel/user separation or protection (This was
one reason the CFA committee in Phase I eliminated the LJYK20 from
consideration av a future military standard architecture),

It is noted In paersing that the UYK7 also performs abysmally on this group of
test programs.

The Character and Bil manipulation t, ts indicate an advantage for character
addres,;sable machines (PDPI 1, UYK20). Alfio the bit field extraction facilities of the
•UYK7 tnnke a significant improvement In ils performance, especially in R.

SUIMYIMARY

The significant properties of Ihe machines tested are summarized below. Critical
points are indicated by >.

PDPI I
1. Byle addressing is advantagcous.
2. Overall sepond in performance.
3. Addressing modes Increae computational costs.

.I .
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UYK20
1. ()creail firO4 in performance.

2. Short instructions advantaeous.
3. Byte addres!;ing helpful.
A.>Very poor interrupt ttructuro.
5.>No kernel/user protection.

UYK7
1. Bit extraction uSeful.
2. Separate accumulator/index registers increase costs.
3. Wide Inctructions memory inefficient; short ones difficult

to use.
4,>Poor akddressing structure.
5.>Poor interrupt structure.

GYK 12
1. Level structure advantageous in interrupt handling.
2. Wide Instructlons memory inefficient.

UYKI9
1, Few registers resulls In ponr execution performance,
2, Instruction encoding restril operand accessing flexibility.
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TAO3L. 2

Measure crp2 CrT2 VM2 ' TM2 P2

Log S .0435 .0946 .0366 .0236 .0641

Log MR .1948 .6986 .0631 .0425 .1115

Log M16 .1917 .7046 .0634 .0433 .1065

Log M3 2  .1917 .6473 .0444 .0448 .1077

Log R 1 6 . .3164, 1.031 .0273 .0492 .1055

Log R3 2  .3039 .9400 .0462 .0429 .1024

In all cates 'pM 2 wis negBitive Implying that rpM2 - 0.

Measure Mean Range of Scores over which
68%. of the programmers lie.

S 1.022 .812 to 1.232
MS .1.102 .643 to 1.555
M 1 6  1.100 .6115 to 1.549
M3 2  1.100 .645 to 1.549
R16 1.171 .570 to 1.755
R3 2 1.164 .576 to 1.735



TABLE 3 - ADDITIVE MACHINE EFFECTS

All Tcut Progrumo

POP-11 UYK-20 UYK-7 GYK-12 UYK-19 CI -96% CI-95%
(FIXED) (RANDOM)

LOG(S) -0.208 -0.128 0.261 0.135 -0,871 9.128 0.169
LOG(M8) -0.130 -0.318 0.324 -0,042 2.166 0.169 0.198
LOG(MIG)i -0.126 -0.317 0.332 -0,047 8.158 0.165 0.195
LOG(M32)i -0,010 -8.228 0.162 -9,182 0.257 8.166 0,197
LOG(R1G)t 0.032 -0.264 0.113 -8.037 8,156 8.164 0.139
LOG(R32)i 0.142 -0.145 -0.063 -9.229 0.29S 9.162 9.192

Interrupts and Traps - Programs 0-3

POP-1i UYK-20 UYK-7 GYK-12 UYK-19 CI-95 CI-95%
(FIXED) (RANDOM)

LOG(S) t -0.239 0.131 0.408 -9.134 -0.166 0.256 0.299
LOG(M8) i -0.135 -8.136 0.572 -9.272 -9.829 0.337 0.396
LOG(MIG)i -9.127 -8.128 8.569 -0.277 -9.038 0.330 0.391
LOG(M32): 9.891 -0.085 0.329 -0.437 0,112 0.331 8.394
LOG(R16)a 0.966 -0.389 0.524 -0.356 8.155 0.328 0.397
LOG(R32): 9.168 -9.289 0.361 -9.486 8.26S 0.323 0.385

Miscellaneous .: Programs 4-7

POP-11 UYK-20 UYK-7 GYK-12 UYK-19 CI-95% CI-95%
(FIXED) (RANDOM)

LOG(S) 3 -0.218 -9.223 8.268 9.161 8.013 0.256 0.299
LOG(M8) -0.211 -9.438 0.324 9.929 8.296 0.337 0.396
LOG(M1Gl)i -0.214 -9.441 0,33r 8.026 0.293 0.330 0.381
LOG(M32): -0,08G -0.341 8.183 -0.121 0.36S 0.331 0.394
LOG(R16]) -0.808 .-,.207 0,987 0.1805 0.24 0.328 0.397
LOG(R32): 9.076 -9,981 -9.093 -0.889 0.186 0.323 0.385

Address Manipulatlon - Programo 8-11

POP-11 UYk-20 UYK-7 GYK-12 UYK-19 CI-9S% CI-95%
(FIXED) (RANDOM)

LOG(S) 1 -0.134 -0.122 0.173 0.207 -9.124 0.256 0.299
LOG(M8) -0.081 -0.260 0.133 9.0886 0.41 0.337 0.396
LOG(MIG) 0.080 -0.261 0.133 0.086 0.041 0.330 0.391
LOG(M32): 0.117 -0.182 -0.087 -8.043 0.11S 8.331 0.394
LOG(R1G): 9.111 -9.123 -8.112 0.868 9.856 8.328 0.397
LOG(R32)i 0.224 -0.013 -8.278 -9.139 0.205 8,323 0.386

--- -- -- --- - - -------------------------- ------. . ------------- --' - - - - -



Character and Bit Manipulation - Programs 12-15

POP-11 IJYK-20 UYK-7 GYK-12 IIVK-19 C -935% CI-S"5%
(FIXED) (RANDOM

LOG(S) : -0.210 -0.26G C,195 8.386 -0.025 0.266 8.299
LOG(N8) : -0.175 -0.439 . 268 -8.018 8.354 0.337 8.396
LOG (MIG) : -8.164 -8.439 8.292 -0,82G 0.337 0.330 0.391
LOG (M32) : -8.873 '-0.383 0.143 -8.125 8.438 8.331 0.394
LOG (R1G) ' -8,841 -0.338 -8.046 0.037 8.388 0.328 0.397
LOG (R32) 1 0.106 -0.199 -8.241 -8.2?1 0.635 0.323 8.385

Executive Mode - Programs 8-3,18,11

POP-11 UYK-28 UYK-7 C. Y-12 UYK-19 CI-95% CI-95%
(FIXED) (RANDOM)

LOG(S) -8.189 0.039 8.389 ...0.050 -0.108 8.209 0.244
LOG(M8) -8.044 -0.196 0.346 -8.182 0.077 0.276 0.324
LOGC(M1G): -0.039 -P.198 8.364 -8.185 0.078 8.269 0.319
LUG(MV321: 0.08G -8.084 0.146 -8.330 8.183 8.271 0.322
LOG(RIG)' 8.14 -0,287 0,245 -0.212 8.129 8.268 0.324
LOG(R32): 0.225 -8,184 8.073 -8.371 8.268 8.264 8.314

User Mode - Programs 4-9,12-15

POP-11 UYK-20 UYK-7 GYK-12 UYK-19 Ci-9S% CI-9;%
(FIXED) (RANDOM)

LOG(S) -8.287 -0.21G 8.232 8.246 -8.056 8.162 8.189
LOG (Mg) -0,182 -0.391 8.312 0,843 0,219 8.213 0.251
LOG (M1G) -8,179 -0.393 8.32S 8.035 0.211 0.288 8.247
LOG(M32) -8,868 -8.314 8.172 -8.092 8,382 0.218 8.249
LOG(RIG): -8.023 -0.261 0.834 8.069 8.172 8.207 0.251
LOG (R32)1 0.092 -8.122 -8.144 -8.143 0.318 0.284 8.243

- - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - - ---- -- - - - - -



MIULTIPLICATIVE M1ACHINE EFFECTS

All Test Programs

POP-11 UYK-20 UYK-7 GYK-12 UYK-19

MACHINE EFFECTS LOG(S) 1 8.815 8.887 1.298 1.144 8.927
MACHINE EFFECTS LOG(M8) : 0.878 8.728 1.383 8.9S9 1.180
MACHINE EFFECTS LOG(MIG) 8.881 8.728 1.394 3.9G4 1.171
MACHINE EFFECTS LOG(M32): 8.990 8.796 1.176 0.834 1.294
MACHINE EFFECTS LOG(RIG) 1.833 0.768 1.128 8.964 1.169
MACHINE EFFECTS LOG(R32): 1.162 8.865 0.939 0.796 1.343

-------------------------------------------------- I-------------------

Interrupts and Trfipo - Progromn 0-3

PDP-11 UYK-20 UYK-7 GYK-12 UYK-19

MACHINE EFFECTS LOG(S) 0 8.787 1.148 I.S33 3.876 8.847
MACHINE EFFECTS LOG1(M8) a 0.874 0.872 1.772 8.762 8.972
MACHINE EFFECTS LOG (116): 9.881 8.880 1.767 8.7S8 8.963
MACHINE EFFECTS LOG(M32)i 10881 0.995 1.390 8.646 1.118
MACHINE EFFECTS L.OG(RIG)h 1.869 8.678 1.689 8.780 1.167
MACHINE EFFECTS LOG(R32)i 1.174 8,749 1.434 8.616 1.298

Miscollaneous - Programs 4-7

POP-11 UYK-20 UYK-7 GYK-12 UYK-19

MACHINE EFFECTS LO,(S) 1 8.884 8.803 1.307 1.174 1.813
MACHINE EFFECTS LOG(M8) a 8.810 8.64S 1.383 1.838 1.344
MACHI-NE EFFECTS LOG(MI6): 8.808 8.643 1.393 1.027 1.340
MACHINE EFFECTS LOG(M32): 8.918 0.711 1.281 0.886 1.440
MACHINE EFFECTS LOG(R1G)a 0.992 8.813 1.898 1.118 1.824
MACHINE EFFECTS LOG(R32)h 1.879 8.923 . 911 8.916 1.205

Addreas Manipulation - Programs 8-11

PDP-11 UYK-20 UYK-7 GYK-12 UYK-19

MACH INE EFFECTS LOG(S) 1 8.87S 8.886 1.189 1.230 8.883
MACHINE EFFECTS LOG(ri8) a .999 0.771 1.142 1.890 1.842
MACHINE EFFECTS LOG rMl6)} 1.B00 0.771 1.142 1.890 1.842
MACHINE EFFECTS LOG(M32) 1.124 8.834 8.993 8.9G8 1.122
MACH4INE EFFECTS LOG(RIG)i 1.118 0.88S 0.894 1.87T 1.068
MACHINE EFFECTS LOG(R32)} 1.261 8.987 8.768 0.870 1.228



Character and Bit Manipulation - Programs 12-15

POP-I1 UYK-20 UYK-7 GYK-12 UYK-19

MACHI NE EFFECTS LOG(S) 0.811 0.76G 1.215 1.358 0.975
MACHINE EFFECTS LOG(M8) : 0.840 0,641 1.308 0.998 1.425
MACHINE EFFECTS LOG(M1G)h 0.849 0.64S 1.339 8.975 1.401
MACHINE EFFECTS LOG(M32): 8.929 0.682 1.154 8.883 1.549
MACHINE EFFECTS LOG(R1G): 8.968 8.713 8.95S 1.038 1.474
MACHINE EFFECTS LOG(R32): 1.112 8.820 8.786 8.818 1.787

Executive Mode - Programs 0-3.18,11

POP-11 UYK-28 UYK-7 GYK-12 UYK-19

MACHINE EFFECTS LOG(S) : 8,827 1.P39 1.362 8.951 8.898
MACH]NE EFFECTS LOG(M8) : 8.957 0.822 1.413 8.834 1.080
MACHINE EFFECTS LOG(M1G): 8.862 0.827 1.411 8.831 1.073
MACHINE EFFECTS LOG(M32): 1.890 80.19 1.157 8.719 1.280
MACHINE EFFECTS LOG(RIG): 1.132 8.760 1.278 8.889 1.138
MACHINE EFFECTS LOG(R32)i 1.262 8.832 1.876 8.698 1.284

User Mods - Prograioi 4-9,12-16

POP-11 UYK-20 UYK-7 GYK-12 UYK-19

MACHtINE EFFECTS LOG(S) 8.813 .806 1.261 1.279 8.94S
MACHINE EFFECTS LOG(M8) : 8.834 8.676 1.366 1.044 1.245
MACHINE EFFECTS LOG(M]6) 8,836 6,676 1.366 1.836 1.235
MACHINE EFFECTS LOG(M32): 8.934 8,731 1.188 0.912 1.353
MACHINE EFFECTS LOG(RIG)i 8.977 8.778 1,834 1.071 1.187
MACHINE EFFECTS LOG(R32)i 1.806 8,886 8.866 8.867 1.374

-- - - - --•- - - - - - - - - - -- - - - - - - - - - - - - - - - - - - --



APPENDIX 1

YijkU- U + pi + + Mk + PMk + TMjk +E.
Range of the subscripts are -I -i, 1 iJ,J uK
where 1-8, J-2andK-5

I Deg. of Freedom

SSp - JK Zi (YY ...)2  1-1

SST - K Zili (Yj.-Yj*,)2  l(-i)

SSM - IJ Ek (Y..k-Y ...)2 K-i

SSpM - J 2l1k (YI~k-Y.,-Y..k+Y,)2 (1-1)(K-1)

SSTM - Zlj•Zk (YlJk'YiJ.-YI,k+Yl,,)2 1(J-1)(K-I)

Theoretical Expected values of the mean squares obtained by
dlviding the correspondInS sums of squares by their dearees
of freedom, The aneyslt Posmes that the P Mnd T fector' are
rwidom and the machine or M factor Is fixed.

E(MSp) - 02 + KOT 2 ,+ JKvp 2

E(MST) M V2 + K`T2 !

E(MSM) M V2 + 'TM2 1+ j•PM 2 + IJaM 2

E(MSpM) -v2 + 'TM2 .+ JVPM 2

E(MSTM) " .2 + O'TM 2

The estimates uf the variances are calculated as below,

Vp2 m (E(MSp) - E(MST)) / JK

OT 2 - (E(MST) - 62 ) I K

VpM 2  ( E(MSpM - E(MSTM) ) / J

'TM 2  - (E(MSTM) - 92 )

-M2 (Zk Mk,2 )/ K-I
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APPENDIX 3 - PROGRAM MIFASURES

- S ------------------------ M(8]------------
Machine 11 28 7 12 19 11 28 7 12 19
Pro g/Pgmr .................................................... -----

8/7 94 164 228 148 138 2j68 1888 7618 3S24 4206
0/8 88 142 236 168 156 2294 1088 7568 3097 40S2
1/6 96 162 246 164 98 252 364 572 434 228
1/18 118 160 304 184 128 358 418 884 576 326
2/6 214 734 472 264 238 628 1268 1312 528. 582
2/9 202 448 428 192 232 468 872 1340 364 876
3/4 306 160 252 138 220 618 496 12 188 424
3/11 254 196 272 148 196 666 576 611 193 574
4/3 288 242 348 312 278 2598 . 1422 3144 1884 4818
4/12 248 174 26G 316 258 2084 1264 1678 1716 2986
611 156 162 256 212 226 794 758 1656 964 1858
5/14 288 244 428 392 283 2818 1752 5396 4668 2978
6/2 274 298 376 368 374 2644 2848 5456 3288 4472
6/13 258 276 436 364 370 2618 2378 4592 3342 3778
7/8 54 68 176 116 64 968 9S6 2214 1848 1754
7/1G 96 86 136 128 122 1518 1888 2414 2114 2622
8/8 88 182 172 152 94 898 818 1492 1246 838
6/415 128 136 180 212 114 1140 1822 2232 1788 986
.9/2 144 178 196 266 122 228 278 396 344 238
9/13 156 132 284 192 132 282 218 372 324 266
•18/1 224 202 248 244 226 2588 1376 14G8 1992 2642
18/14 238 2G6 348 324 264 3842 1948 3864 3356 3226
11/3 250 232 328 352 303 11838 9188 7088 12196 14848
11/12 338 226 362 366 368 6880 4178 5892 6216 9832
12/4 98 lG 162 582 148 762 992 2529 1636 2366
12/11 86 128 168 236 128 842 1378 3841 26G8 2638
13/6 182 286 328 308 228 1498 882 2492 1896 1936
13/9 238 198 368 384 246 728 640 1522 1266 916
14/5 198 170 246 264 280 769 616 968 736 1312
14/18 348 284 382 178 294 2882 668 846 676 2488
15/7 278 25G 444 392 282 4404 3666 6818 4962 7782
16/8 326 266 512 440 422 7246 6284 8442 6686 8236



------------ m [16J ------------- M [32] .
Machine 11 26 7 12 ' 19 11 28 7 12 19
Prog/Pgmr -
8/7 2512 1164 7782 3578 42B6 3554 1528 7872 3984 6828
8/8 2378 1164 7780 3152 4852 3586 1538 7788 3482 5886
1/5 258 354 572 434 228 366 584 572 444 382

.1/10 358 418 884 576 326 488 574 884 588 472
2/6 628 1268 1312 528 582 889 1638 1312 528 726
2/9 466 878 1348 364 876 632 1256 1348 416 1274
3/4 628 49G 512 188 424 986 874 512 220 666
3/11 668 576 618 198 574 1814 974 620 216 972
4/3 2598 1422 3144 1804 421B 3372 1546 3144 1888 5342
4/12 2884 1864 1888 1716 2906 2556 1256 1882 1716 3768
5/1 794 750 1656 964 1858 1294 1268 1656 964 2258
5/14 2818 1752 5396 4668 2978 2634 2198 5396 4660 3554
6/2 2654 2848 5456 3288 4472 3595 3618 R456 3368 4884
6/13 2618 2378 4592 3348 3778 3364 2982 4592 3388 4118
7/8 968 966 2214 1848 1754 1428 1432 2236 1868 2282
7/15 1518 1888 2414 2114 2622 1948 1538 2416 2128 4302
8/0 982 818 1492 1246 838 1216 1828 1544 1324 1898
8/15 1148 1822 2232 1728 986 1548 1258 2232 1708 1372
9/2 228 278 396 344 230 286 378 396 364 294
9/13 282 218 372 384 256 376 288 372 384 344
10/1 2580 1376 1468 1992 2542 3282 1668 1468 1992 2986
10/14 3842 1948 3864 3356 3226 3696 2144 38;4 3364 3694
11/3 11838 9100 7080 10196 14848 14819 11894 7808 18196 16228
11/12 6880 4170 5892 5216 9832 8998 5428 5892 5216 11G66
12/4 832 1862 2888 1668 2364 1898 1348 2808 1732 3888
12/11 912 1448 3328 2668 2638 1218 1868 3328 2872 3682
13/6 1548 882 2492 1896 1936 1918 1844 2492 1936 2436
13/9 708 548 1664 1866 916 826 652 1664 1144 1242
14/5 782 522 968 736 1312 1008 626 968 768 1796
14/10 2088 668 864 676 2488 2378 784 864 708 2936
15/7 4484 3666 5818 4962 7782 6732 4644 5904 5172 9458
15/8 7846 5804 8442 5686 8236 8878 6234 8532 6180 18536



S. . ... . . ... ..R (3 ] . . . .". . ... ... .. . . . . . ... . . R (3 2 ) . . . . . . . . .
r c1.1 i ne i 20 7 12 19 11 20 7 12 19
Prog/Pgmnr --
0/7 2631 1009 6049 2281 4450 2631 1009 4238 1994 4458
0/8 1932 945 6282 2068 4368 1932 945 4255 1729 4$&0
1/5 237 249 311 313 246 237 249 274 237 246
1/10 322 292 552 385 367 322 292 401 290 367
2/6 547 1031 819 366 485 547 1831 638 280 48S
2/9 496 694 820 252 968 496 694 603 221 9S8
3/4 559 130 611 168 328 543 130 S29 126 328
3/11 752 179 659 171 334 734 179 638 130 334
4/3 4008 3261 7939 4056 6323 4028 3261 4609 3170 6323
4/12 4131 3196 3389 7109 4779 4131 3195 1983 3964 4779
S/1 2262 2069 2541 2346 2037 1658 1491 1626 1349 1795
5/14 4472 4207 7639 7834 4632 3766 3629 4692 4622 4368
6/2 4991 4S26 4893 4229 4632 4849 4864 3421 2927 4257
6/13 6172 4034 4526 4347 4300 4102 3784 3116 2961 3897
7/0 1488 1203 1364 1651 24G4 1488 1223 1176 1362 2454
7/1M 2001 1314. 1807 1974 1438 2001 1314 1476 1397 1430
8/0 1402 1088 1549 1326 1193 1482 1286 1259 1081 1193
8/15 1867 1688 3146 2331 1728 1867 1688 2228 1734 1728
9/2 212 238 223 291 308 212 238 285 210 328
9/13 290 287 225 244 311 298 207 205 175 311
10/1 2981 1956 1309 2254 274G 2981 1956 898 1625 2746
10/14 3893 2456 2274 3336 3371 3893 2456 1647 2264 3371
11/3 17995 14443 10095 16152 14367 16176 12848 6324 9768 14202
11/12 9389 7750 7868 8933 7723 7644 61r5 4977 6511 7G68
12/4 1169 1175 1647 1789 3251 1168 1175 1209 1263 3251
12/11 1149 1283 1726 2943 2843 1149 1083 1413 2163 2843
13/6 2277 1903 3882 3781 3208 2277 1983 2424 2233 3280
13/9 733 836 1084 1130 1259 733 836 81r 838 1059
14/S 862 781 764 917 1642 862 781 558 657 1640
14/18 3686 886 738 861 3626 3685 886 534 566 362
15/7 8308 6696 11827 11634 11761 8308 6512 7287 693U 11761
15/8 11397 6668 8227 6174 12173 11397 6476 5791 4414 10173


